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Abstract

Background. Radiofrequency (RF) ablation is a commonly used method of atrial fibrillation (AF) treatment.
High-power short-duration (HPSD) ablation has been suggested as a method to reduce procedure times whilst
creating safe and lasting lesions. High-power ablation with contact force (CF)-sensing technology catheters
might aid in a further improvement of safety whilst generating lasting transmural lesions.

Objectives. We report our experience using lesion size index (LSI)-quided 50 W ablation with a CF-sensing
catheter of AF.

Materials and methods. We performed LSI-quided 50 W point-by-point ablation using a CF-sensing
catheter (TactiCath). Target LS at the anterior left atrium (LA) was 5.0 and at the posterior LA it was 4.5.

Results. Altogether, 4641 RF lesions were created in 86 consecutive patients. To reach a mean LSl of 49 +0.01,
a mean RF ablation time of 14.3 +0.1 s was applied with a mean CF of 134 £0.1 g. The RF time per lesion
atthe anterior wall of LAwas 15.9 0.2 s, while it was 13 +0.2 s at the posterior wall of LA. We observed force
time integral (FTI) values between 36 g and 310 g. Procedure duration was 107 +4 min with a RF ablation
time of 15.4 +0.6 min. No audible steam pops occurred. No pericardial effusion was observed. After a 1-year
follow-up, no adverse events were reported and 83% of patients had no symptomatic arrhythmia recurrence.

Conclusions. We provide evidence for the safety and efficacy of L SI-quided 50 W ablation using the TactiCath
(F-sensing ablation catheter. These data support the use of high-power ablation with CF sensing technology
to improve both safety and efficacy.

Key words: atrial fibrillation, high-power ablation, lesion size index, contact force sensing
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Background

Generation of transmural lesions for targeted ablation
of atrial tachycardia circuits or substrate and pulmonary
vein isolation has been proven to be of high clinical value
for the treatment of atrial rhythm disorders. Different
energy forms are used to create these lesions. Radio-
frequency (RF) energy is still the most commonly used
energy form. To achieve transmural and lasting lesions,
different settings of RF energy have been suggested with
different relative contributions of the resistive or conduc-
tive heating phase.!

Recently, high-power (250 W) short-duration (HPSD)
RF ablation with irrigated non-contact force has been
shown to be safe while reducing procedure and ablation
time, as compared to the traditional lower-power (e.g.,
35 W) longer-duration ablation.%3 Moreover, lesion width
has been suggested to be increased in HPSD as compared
to traditional ablation techniques, owing to the fact that
a substantial fraction of the ablation time is the resistive
heating phase.*

Ablation with contact force (CF)-sensing technology
catheters has been linked to enhanced procedural safety
and efficacy in traditional ablation settings.>~'° Lesion size
index (LSI) is a multiparametric index introduced to im-
prove lesion formation. It incorporates time, power, CF, and
impedance data recorded during RF ablation with CF-sens-
ing technology catheters.!!2 The LSI-guided high-power
ablation with CF-sensing technology catheters might aid
in a further improvement of safety while generating lasting
transmural lesions.

Objectives

We aim to examine the clinical safety and efficacy of LSI-
guided 50 W ablation with CF-sensing catheter in patients
with atrial fibrillation (AF).

Materials and methods
Study population

We included all consecutive patients that underwent
RF ablation for AF with a LSI-guided 50 W ablation pro-
tocol in our clinic. All clinical, imaging and procedural
data were recorded. The AF type was categorized as par-
oxysmal when lasting <1 week, or persistent when last-
ing >1 week and when electrical cardioversion was per-
formed. The study protocol was approved by the human
ethics committee of the Charité-Universistdtsmedizin
Berlin, Germany (application No. EA2/099/20). The study
is in accordance with the Declaration of Helsinki.

A.S. Parwani et al. Lesion size index-guided high-power ablation

Procedure and ablation settings

Prior to ablation procedures, a transesophageal echocar-
diogram was performed to exclude atrial thrombus forma-
tion, and transthoracic echocardiography was used to ob-
tain measures of left atria and left ventricle, as previously
described.!® Oral anticoagulation therapy with vitamin
K antagonists were continued, targeting an international
normalized ratio between 2 and 3. Direct oral anticoagu-
lation was paused on the morning of the procedure and
resumed after the procedure.

During ablation, patients were sedated by using bo-
luses of midazolam (3-5 mg) and a continuous infusion
of propofol (1.5—4 mg/kg/h). Fluoroscopic guided trans-
septal puncture was performed and intravenous (i.v.) un-
fractioned heparin (initial bolus 100 U/kg) was admin-
istered with an intraprocedural activated clotting time
between 300 s and 400 s. A biplane angiography of the left
atrium (LA) was performed in angulations of RAO 30° and
LAO 60° prior to ablation.

In all cases, the Abbott Ensite Precision™ system (Ab-
bott, St. Paul, USA) was used for 3-D electroanatomic
mapping with a single dispersive electrode. A decapo-
lar Abott circular mapping catheter (Inquiry Optima™)
or the multipolar HD grid catheter (both from Abbott)
were used for creating a 3-D map of the atrium and for
documenting pulmonary vein (PV) potentials. In all
cases, a point-by-point circumferential ablation of PVs
was performed.

Lesions were generated using a 3.5-mm open-tip irri-
gated TactiCath Quartz ablation catheter (Abbott) with
the Abbott Agilis™ steerable sheath (Abbott). The Tacti-
Cath Quartz ablation catheter utilizes 3 fibers for optical
force sensing via infrared laser light.!>!* It was continu-
ously flushed with 2 mL/min of normal saline solution
during mapping. Flush rate was increased to 30 mL/min
during ablation with a 1-second pre-flushing period be-
fore and 2-second post-flushing period after the abla-
tion. The RF energy was generated using an Ampere RF
generator (Abbott) with a maximal temperature of 43°C
at 50 W both at the anterior and posterior left atrial wall.

The RF energy delivery was initiated at a stable CF be-
tween 10 g and 30 g. In our LSI-guided approach, we ter-
minated RF energy delivery when a target LSI of 5.0 for
the anterior LA wall and a target LSI of 4.5 for the posterior
LA wall were reached. This conservative ablation approach
was chosen to minimize the complication rate. The RF
energy delivery for linear lesions was also performed with
a LSI-guided 50 W ablation protocol, with a targeted LSI
of 5.0 at the anterior LA wall and 4.5 at the posterior LA
wall. The target inter-lesion distance was 4 mm.

The LSI is generated from CF, impedance, power, RF
duration and, most importantly, in vivo experimental
data of lesion generation. The underlying formula is based
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on an empirical model derived from >3000 lesions in ani-
mal models and human tissue.!! It accounts for a time-
independent resistive and a time-dependent diffusive
heating component (see also Calzolari et al. and Mattia
et al.'»®), and considers the nonlinear lesion formation
observed in vivo.

After encircling the veins, entry and exit block were con-
firmed using an Abbott circular mapping catheter (Inquiry
Optima™; Abbott) or the multipolar HD grid mapping
catheter, by documenting lack of vein potentials and failure
of pacing inside the vein.

Study outcomes

For each patient, we recorded the pre-ablation clinical
characteristics. For each ablation pulse, we obtained dura-
tion of RF application, impedance, power, CF, force time
integral (FTI), and LSI. All ablation parameters were ana-
lyzed and grouped according to the different atrial regions:
left/right upper and lower PV and anterior/posterior LA
wall. Furthermore, the rate of acute pulmonary vein isola-
tion (PVI), total RF ablation time, fluoroscopy time, and
procedure time (skin-to-skin) were documented. The oc-
currence of steam pops was noted by the operators. Trans-
thoracic echocardiography was performed after the pro-
cedure on the same day to exclude pericardial effusion.

For determination of early recurrence, all measures were
taken to obtain electrocardiography (ECG) documentation
in case of reported symptoms suggestive of arrhythmia
recurrence at the 3- and 12-month follow-up visits. This
includes either a 24-hour Holter ECG or a 12-lead ECG
at the time of the follow-up visit. Symptomatic patients
were classified as recurrences.

Table 1. Clinical characteristics by AF type

7

Statistical analyses

Continuous variables are shown as mean + standard de-
viation (SD). Categorical variables are described as num-
bers or percentages. A correlation between type of AF (par-
oxysmal or persistent) and binary variables was analyzed
with Pearson’s x? test. Comparisons of metric variables
between paroxysmal and persistent AF were evaluated
with Mann—Whitney U test, thereby accounting for not
nominally distributed variables. A value of p < 0.05 was
used to indicate statistical significance.

Results
Patient characteristics

A total of 86 patients with symptomatic AF were
consecutively included in this study. Patients’ baseline
clinical characteristics are given by AF type in Table 1.
The mean age in the study group was 66 +1 years. Mean
CHA,DS,-Vasc score was 2.8 +0.2. Mean LA diameter was
40.4 £0.8 mm and mean left ventricular ejection fraction
(LVEF) was 52 +1%.

The majority of patients were concomitantly treated
with a 3-blocker and inhibitors of the renin-angiotensin-
aldosterone system (Table 2). There was no statistically
significant difference in baseline characteristics between
patients with paroxysmal AF and persistent AF other than
statin and ACEi/AT1R use, which was more frequent in pa-
tients with persistent AF.

Most patients underwent de novo PVI (59% of all proce-
dures) for persistent or paroxysmal AF. De novo PVI was

Paroxysmal AF n =45

Clinical characteristics Al
n=_86
Age [years] 66 *1
Male sex 55 (64%)
CAD 29 (34%)
Sleep apnea 3 (3%)
Prior stroke/TIA 9 (10%)
Hypertension 81 (94%)
IDDM/NIDDM 15 (17%)
Pacemaker 8 (9%)
LVEF [%] 52 +1
LA size [mm] 404 +0.8
CHA2DS-VASc 28102
EHRA score 24 0.1
NYHA score 22+0.2
AAD:s failed 11 (13%)

Persistent AF n = 41 (48%) (52%) p-value

66 £1 66 £2 0.92
26 (63%) 29 (64%) 092
18 (44%) 11 (24%) 0.06
1(2%) 2 (4%) 0.61
5(12%) 4 (9%) 0.62
39 (95%) 42 (93%) 0.72
11 (27%) 4(9%) 0.03
3 (7%) 5(11%) 0.55
495 £11.2 54.1£99 0.06
421 +1.2 389+£1.0 0.06
3202 24 %03 0.01
24402 24 +0.1 0.75
2.1+03 2.2 +05 0.94
6 (15%) 5(11%) 0.63

AF — atrial fibrillation; LA — left atrium; CAD — coronary artery disease; TIA — transitory ischemic attack; LVEF — left ventricular ejection fraction;
AAD - antiarrhythmic drugs; (N)IDDM - (non-)insulin dependent diabetes mellitus; EHRA — European Heart Rhythm Association; NYHA — New York Heart

Association. Values in bold are statistically significant.
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Table 2. Overview of the medications at baseline

Paroxysmal AF n = 45

Medication A“npit;;nts
-blocker 74 (86%)
Statine 29 (34%)
ACEiI/AT1R 54 (63%)
Antiarrhythmic 11(13%)
OAK 77 (90%)

Persistent AF n =41 (48%) (52%) p-value
37 (90%) 37 (82%) 0.28
22 (54%) 7 (16%) <0.01
31 (76%) 23 (51%) 0.02
6 (15%) 5(11%) 0.63
39 (95%) 38 (84%) 0.11

ACEi/AT1R - inhibitors of the renin-angiotensin-aldosterone system; OAK — oral anticoagulation; AF — atrial fibrillation. Values in bold are statistically significant.

Table 3. Overview of different ablation approaches according to the underlying rhythm disorder

Paroxysmal AF n = 45

Ablation type AIInpit;eénts
De novo PVI 51 (59%)
Re-PVI 35(41%)
Anterior mitral line 6 (7%)
Isthmus mitral line 2 (2%)
Roof line 5 (6%)
RA isthmus line 8 (9%)

Persistent AF n = 41 (48%) p-value
22 (54%) 29 (64%) 031
19 (46%) 16 (36%) 0.31
3 (7%) 3 (7%) 047
0 (0%) 2 (4%) 017
2 (5%) 3 (7%) 0.72
3(7%) 5(11%) 0.55

AF — atrial fibrillation; PVI — pulmonary vein isolation; RA — right atrium.

Table 4. Ablation parameters LSI, power [W], impedance drop, FTI, and CF [g] in comparison of the anterior wall with the posterior wall

Ablation location Power [W]
Anterior (PV only) 49+0.6 47 £2
Posterior (PV only) 4.6 +0.5 47 +2

Impedance drop

18 7 173 £79 137
17 £5 142 £60 12 +6

LSI - lesion size index; FTI - force time integral; CF — contact force; PV — pulmonary vein.

especially prevalent in paroxysmal AF patients (Table 3).
However, there were no statistically significant differences
in the ablation strategy.

In the remaining patients, re-isolation of the PVs was
performed. Additionally, patients with re-isolation of PVs
underwent linear ablation in case of inducible left atrial
tachycardias.

Procedural data

A total of 4641 RF lesions were obtained with an average
of 51 +3 lesions per patient. The LSI-guided 50 W ablation
was used for all lesions. Mean procedure duration was
107.7 +4.8 min (range: 58—187 min), with a mean total RF
time of 15.4 0.8 min (range: 10.5-39.9 min). Mean RF
time per lesion was 14.3 +0.1 s (range: 6—50 s) and the mean
LSI was 4.9 +£0.01 (range: 3.9-6.9; Fig. 1).

The PVI or freedom from atrial tachycardia inducibility
(in cases of atrial tachycardia) were achieved in all patients
without major adverse events.

Mean LSI at the anterior part of the LA was 5 +0.01. Mean
LSI at the posterior part of the LA was 4.6 £0.01. Mean en-
ergy delivery time to reach a LSI of 5.0 was 15.9 0.2 s. Mean
application time to reach a LSI of 4.5 was 13 +0.2 s (Fig. 2).

The RF duration, FTT and impedance drop showed a con-
tinuous increase along with higher LSI ranges. However,

most importantly, even high LSI values above 5.5, charac-
terized by RF duration of 17.2 +1.3 sand a CF 0of 22.7 +0.8 g,
led to no audible or tactile steam pops or adverse events
in any of the 4641 RF applications (Fig. 2).

Safety and outcome

Overall, with regard to efficacy and safety, a complete
isolation of the pulmonary veins with entry and exit block
or freedom from AT inducibility was achieved in all pa-
tients without major adverse events. No audible steam
pops occurred and no pericardial effusion was observed.
Furthermore, in none of the studied patients, a transient
ischemic attack or stroke occurred. At 1-year follow-up,
no additional adverse events occurred (especially atrio-
esophageal fistula, symptomatic pulmonary vein stenosis
or phrenic nerve palsy). Freedom from AF or atrial tachy-
cardia was achieved in 83% of all patients.

Discussion

In the present study, we investigated LSI-guided 50 W
ablation using TactiCath CF ablation catheter for the treat-
ment of left atrial tachycardia (AF and/or left macro-
reentrant atrial tachycardia). We determined ablation
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Fig. 1. Ablation parameters. A. Contact force (CF) and radiofrequency (RF) duration per lesion; B. Lesion per procedure and impedance drop; C. Force time
integral (FTI) and mean lesion size index (LSI)
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LS 5.040.02
:17.240.3
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Fig. 2. Three-dimensional electroanatomic map of the LA indicating ablation sites and the respective CF as well as LSI and RF duration

CF — mean contact force in gram; LSI - lesion size index; Dur — RF duration in seconds per lesion; RF - radiofrequency; LA — left atrium. RPV - right
pulmonary vein; LPV - left pulmonary vein.



720

parameters for different atrial regions and provided cath-
eter- and ablation-related data for different LSI ranges for
qualitative and quantitative lesion characterization.

The main finding of this study is that a target LSI of 5.0
at the anterior left atrial wall and 4.5 at the posterior left
atrial wall (including left atrial lines) can be safely reached
using the TactiCath CF-sensing catheter with an energy
delivery of 50 W. With a mean CF of 22.7 +0.8 g, energy
delivery time up to 17 s showed no complications. It was
also associated with short procedure times and RF energy
delivery, and low risk for arrhythmia recurrences.

The impact of CF catheters and high-power (e.g., >35 W)
ablation techniques on long-term outcomes has been studied
in several trials.®!6-18 In a previous study, the sole use of CF
catheters or high-power ablation was associated with a par-
ticularly high success rate in patients with paroxysmal AF.”?

High-power ablation creates lesions with equal volumes
as compared to standard settings; however, they are wider
and less deep, most likely due to the increased resistive
heating component.?’ Previous studies evaluating 50 W
ablations using non-CF catheters!®?22 showed a better
long-term freedom from AF and shorter fluoroscopy and
procedural times without an increase in complication
rates, when compared with 35 W ablations using non-
CF catheters.>? In our previous experience using 35 W
ablation, mean RF application time was 30 min for atrial
ablation procedures.?® In the present study, the total RF
and procedure times were further decreased as compared
to our traditional lower-power (i.e., 30—35 W) ablation
approach.

Ablation with a CF-sensing catheter with an appropri-
ate CF has been shown to achieve a higher 1-year freedom
from AF when compared with non-CF-sensing ablation
catheters.!®2° Prediction of lesion size is an important as-
pect of safe and effective RF ablation, especially consid-
ering the known variability of myocardial wall thickness.
The FTI values above 400 g have been recommended
and a wide range of FTI values has been reported for
LSI-targeted ablation in a low-power (25-30 W) ap-
proach.’ In the present study, we observed FTI values
between 36 +2 and 310 +15. As reported by Winkle
et al.,'® the high variability of FTI makes it an inferior
target parameter as compared to LSI guidance. Physi-
cians should be aware that FT1 values during high-power
ablation may be low despite creating an effective lesion.
Traditional FTT cutoffs should be abandoned in high-
power ablation.

The LSI has been shown to be a good predictor of le-
sion size in low-power ablation settings.!1¢ A LSI of 4.5
at the posterior left atrial wall and a LSI of 5.0 at the an-
terior left atrial wall have been suggested by some studies
to predict effective lesion formation.!!>* Moreover, several
animal studies support the use of 50 W ablation using CF
catheters for 5-10 s.24-26

Yet, the appropriate target LSI in high-power abla-
tion using a CF-sensing still needs to be determined. For
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example, Winkle et al., using a CF-sensing catheter and
50 W ablation strategy as in our study, used a target LSI
of 6.0 in patients in AF and a mix of LSI and “loss of pace
capture” strategy in patients in sinusrhythm. Their aver-
age RF duration per lesion was 11.2 +3.7 s. As in our study,
they could also safely isolate all PVs with short procedure
and RF ablation time.1

In our study, to reach an average LSI of 4.9 +0.01, we needed
an average energy delivery time of 14.3 0.1 s with a mean
CF of 13.6 £9.1 g. It is important to emphasize that an ap-
propriate CF between 10 g and 30 g appears to be paramount
to avoid unnecessary RF energy delivery, which may lead
to edema formation, which in turn makes an effective le-
sion creation at this particular site more difficult or even
impossible, thereby increasing the risk for reconnection and
arrhythmia recurrence.

Limitations

The main limitation of this study is the consecutive en-
rolment design and the single-center experience. We did
not compare LSI-guided high-power ablation to LSI-guided
traditional lower-power (e.g., 35 W) longer-duration abla-
tion protocol. Nevertheless, the study could demonstrate
that LSI-guided 50 W ablation proved to be safe, with high
acute success rates and short procedure time, whilst also
being effective in reducing documented arrhythmia recur-
rences. As we included both patients with de novo pul-
monary vein isolations and patients with redo procedures
in our study, we observed an excellent arrhythmia-free
survival of 83% during the 1-year follow-up.

Conclusions

We provide evidence for the safety and efficacy of LSI-
guided 50 W ablation using the TactiCath CF ablation
catheter. We show that a target LSI of up to 5.0in 50 W ab-
lation strategy is safe and associated with short procedure
times and a low symptomatic arrhythmia recurrence rate.
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Abstract

Background. The miR-21 has been implicated in the process of neuroinflammation as well as neuropathic
pain.

Objectives. To explore the relationship between the plasma and local expression of miR-21 with disease
severity of lumbar disc herniation (LDH) patients with sciatic pain.

Materials and methods. Ninety-two LDH patients with sciatic pain and 25 scoliosis patients as painless
controls were enrolled in the current study. Samples from nucleus pulposus (NP), annulus fibrosus (AF) and
soft tissues around nerve root (STANR) were obtained. The plasma and local expressions of miR-21 were
detected with quantitative reverse transcription polymerase chain reaction (qRT-PCR). The visual analogue
scale (VAS) for lumbar pain and leg pain, and Japanese Orthopedic Association (JOA) score were selected
to evaluate the clinical severity. The degree of disc compression on nerve was evaluated using the Pfirrmann
grade based on the magnetic resonance imaging (MRI) findings. For the convenience of analysis, LDH patients
with sciatic pain were classified into a severe pain (SP) group (VAS > 6) and a mild-moderate pain (MP)
group (VAS < 6). Receiver operating characteristic (ROC) curve analysis was performed to detect the potential
diagnostic power of miR-21 with regard to the Pfirrmann grade.

Results. There were no significant differences in serum miR-21 expressions among SP LDH patients, MP L DH
patients and scoliosis painless controls. Local expressions of miR-21in STANR, AF and NP were all drastically
upregulated in the SP group in comparison with the MP group and scoliosis painless group. Local NP and
STANR miR-21 expressions were positively associated with the Pfirrmann grade. Local miR-21 expressions
in STANR and AF were positively associated with VAS score and negatively related to JOA score. The ROC
curve analysis indicated that both STANR and AF miR-21 expressions may serve as significant diagnostic
factors for the Pfirrmann grade.

Conclusions. Increased local miR-21 expressions are linked with clinical severity of LDH in patients with
sciatic pain.

Key words: miR-21, lumbar disc herniation, sciatic pain, clinical severity
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Background

Among the degenerative abnormalities of the lumbar
spine, lumbar disc herniation (LDH) has been the most
common diagnosis and reason for spinal surgeries in adults.!
Around 2-3% of the world population was affected by LDH,
bringing great social and economic burden as well as ex-
periencing impaired life quality. The prevalence of LDH
was 4.8% in men and 2.5% in women over 35 years of age.”
Sciatica is the most important symptom of LDH. It causes
radiating leg pain that follows a dermatomal pattern, along
with the distribution of sciatic nerve into the foot and toes.?
Coughing can make the pain worse, and patients may ex-
perience a variety of symptoms such as sensory symptoms,
gait deformity, unilateral spasm of the paraspinal muscles,
as well as limited forward flexion of the lumbar spine.*

So far, it has been acknowledged that sciatica in the LDH
was a direct result of nerve root compression. Neverthe-
less, LDH has different mechanisms which were hard to be
simply explained by mechanical compromise.® In recent
years, studies have demonstrated the biological activity
of the herniated tissue in the expression of inflammatory
mediators.® Besides, it has been shown that the protruded
nucleus pulposus (NP)-induced neuroinflammatory re-
sponse was pivotal for radicular pain.” Neuroinflamma-
tion, due to periphery-to-central nervous system (CNS)
cross-talk through proinflammatory mediators, could re-
sult in chronic pain in LDH patients.® The herniated NP
also resulted in the autoimmune-mediated inflammatory
response, involving multiple cytokines, such as tumor ne-
crosis factor alpha (TNF-a) and interleukin (IL)-6.°

Asaclass of small non-coding RNAs, microRNAs (miR-
NAs) play critical roles in regulating gene expression and
essential physiological and pathological processes. Even
though they represent just 1-3% of the human genome,
it has been found that miRNAs have the ability to regulate
around 30% of the protein-encoding genes in humans.1°-12
Recent works have shown that miRNAs could promote
or suppress the inflammatory process, and either exacer-
bate or attenuate the pathological results of uncontrolled
neuroinflammation.'® For example, miR-210 could induce
microglial activation and regulate microglia-mediated
neuroinflammation in neonatal hypoxic-ischemic en-
cephalopathy.!* The miR-146a negatively regulates neu-
roinflammation in neurons, microglia and astrocytes.!”
The miR-124 acts as a key negative regulator of neuro-
inflammation by reducing inflammatory mediators and
restricting microglia to an inactive state.!® Studies found
that the maladjustment of miRNAs expressions is related
to the occurrence and development of LDH and sciatica.
For example, miR-223 in exosome-like vesicles is related
to a decreased risk of persistent pain in LDH patients.!”
Increased circulating miR-17 expressions are correlated
with the intensity of lumbar radicular pain (LRP) in LDH
patients.'® The miR-124-3p could alleviate neuropathic
pain in a chronic sciatic nerve injury model.!’
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The miR-21 is one of the most widely studied miRNAs
and is highly present in many cell types. The miR-21 expres-
sion is also upregulated in many disease status including
cancer, cardiovascular disease, inflamed tissue, etc.2’ In ac-
tive immune cells, including macrophages, neutrophils,
mast cells, as well as T cells, miR-21 is highly expressed.?
In the injured dorsal root ganglion (DRG) neurons, miR-21
is specifically upregulated and causally involved in the late
phase of neuropathic pain.?! It has been also demonstrated
that the delivery of miR-21 derived from neurons to macro-
phages polarizes these cells into a proinflammatory or pro-
nociceptive phenotype.?? In addition, silencing miR-21
expression in sensory neurons could prevent both the devel-
opment of neuropathic allodynia as well as the macrophage
recruitment in the DRG.?? As a fibrosis-associated miRNA,
miR-21 promotes the inflammation in ligamentum flavum
tissues by the activation of IL-6 expression, leading to liga-
mentum flavum fibrosis, hypertrophy and final spinal canal
stenosis.?? These findings implicate that miR-21 may play
an important role in lumbar-related disease. On the other
hand, the rupture of the annulus fibrosus (AF) can lead
to a foreign body reaction resulting from NP that guides
neovascularization,?* which is accompanied by macrophage
infiltration. The subsequent macrophage infiltration is be-
lieved to aggravate pain symptoms and sciatica through
the production of various cytokines.?” In contrast, macro-
phage infiltration may also have a positive effect on reliev-
ing symptoms through inducing a phagocytic resorption
process, mediated by anti-inflammatory cytokines.?® Previ-
ous studies found that miR-21 could promote macrophage
infiltration under various conditions.?”?®

Objectives

All the abovementioned studies indicated that miR-21
may serve as an important promoter for facilitating the sci-
atica in LDH patients. However, there were no studies il-
lustrating the relationship between miR-21 expression and
LDH severity. Therefore, this study was designed to detect
whether circulating or local miR-21 expressions are related
to the clinical severity of LDH patients with sciatica.

Materials and methods
Study patients

From May 2020 to May 2021, 92 LDH patients who re-
ceived discectomy were enrolled in the study. All LDHs
were confirmed with magnetic resonance imaging (MRI)
with unilateral sciatica, regardless of lumbar pain exis-
tence. Inclusion criteria were determined as follows: 1) defi-
nite lower level and single segment (L4~L5 or L5~S1) disc
herniation on MRI, consistent with related clinical signs,
as well as symptoms of LRP (straight leg raising (SLR) < 60°)
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with either a short-term (2—4 weeks) severe or long-term
(4-12 weeks) moderate leg pain; 2) patients did not receive
nonsteroidal anti-inflammatory drugs (NSAIDs) or nerve nu-
trition drugs for at least 1 week before the surgery. Exclusion
criteria were as follows: 1) patients with serious functional
diseases in multiple organs, including the heart, lung, liver,
kidney, etc.; 2) patients with blood system diseases, cancer
or other systemic diseases; 3) patients with incarcerated,
central, free, or giant LDH; 4) patients with foot drop or cauda
equina syndrome; 5) patients with spondylolisthesis or spinal
stenosis. At the same time, 25 scoliosis patients, without any
signs of lumbar and radicular pain or degenerative disc dis-
ease were recruited as controls. All the controls did not have
any signs of LDH identified using MRI. This study protocol
was approved by the ethics committee of Maoming Peo-
ple’s Hospital and conducted according to the Declaration
of Helsinki. Patients provided an informed consent before
any study-specific procedures were performed.

Laboratory examination

Venous blood was extracted from all participants before
9 AM after an overnight fast, and placed at room tem-
perature for 2 h, followed by centrifugation for 20 min
at 1900 x g. The miRNeasy Serum/Plasma Kit (Qiagen,
Hilden, Germany) was used to isolate the total RNA
from 200 pL of serum, according to the manufacturer’s
instructions. Up to the present, there was no housekeep-
ing miRNA available that is normalized for the miRNA
expression in serum/plasma. Hence, the samples were
treated with U6 RNA (5 nmol/L) as the spiked-in RNA,
after the addition of miRNeasy.

For tissue examination, total RNA was extracted from
NP, AF and soft tissues around nerve root (STANR) using
a Trizol kit (Thermo Fisher Scientific, Waltham, USA).
The extracted RNA was then reversely transcribed into
complementary DNA (cDNA), using PrimeScript™ II 1st
Strand cDNA Synthesis Kit (TaKaRa Bio Inc., Kusatsu,
Japan). The relative expression of miR-21 was determined
using a TagMan™ MicroRNA Assay (GeneCopoeia,
Guangzhou, China) and SYBR® Premix Ex Taq™ kit (Ta-
KaRa Bio Inc.). The fold change relative to internal ref-
erence was computed based on the relative quantitative
2784t method: AACt = ACt (target gene) — ACt (internal
reference). The U6 was adopted as an internal reference
of miR-21. The primers were listed as below: miR-21 for-
ward primer: 5-GTGCAGGGTCCGAGGT-3’, reverse
primer: 5-GCCGCTAGCTTATCAGACTGATGT-3
U6 forward primer: 5-CTCGCTTCGGCAGCACA-3’, re-
verse primer: 5-AACGCTTCACGAATTTGCGT-3.

Definition of compression degree
According to the Pfirrmann grade,?” the compres-

sion degree was evaluated through an axial cut MR
image at the level of maximal disc herniation, to grade

725

the unilateral traversing nerve root compromise due
to the herniating disc: grade 0 (normal) — no compromise
of the root is seen; grade 1 (contact) — there is a visible con-
tact of disc material with the nerve root, and the normal
epidural fat layer between the two is not evident, while
the nerve root has a normal position and there is no dorsal
deviation; grade 2 (deviation) — the nerve root is displaced
dorsally by disc material; grade 3 (compression) — the nerve
root is compressed between disc material and the wall
of the spinal canal (it may appear flattened or be indis-
tinguishable from the disc material). Only patients with
Pfirrmann grade >1 were enrolled in the study. The image
findings were assessed by 2 experienced radiologists, and
the kappa value was computed to examine the consistency
of the results. As recommended by Landis and Koch,3°
the kappa value was graded as following: 0—0.20: slight
agreement; 0.21-0.40: fair agreement; 0.41-0.60: mod-
erate agreement; 0.61-0.80: substantial agreement; 0.81
or higher: excellent agreement; 1.00: absolute agreement.

Assessment of clinical severity

The degree of pain was determined using the visual ana-
logue scale (VAS) score, whereas the functional ability was
determined with Japanese Orthopedic Association (JOA)
score. The VAS scale was presented as a line segment with
alength of 10 cm, representing 10 points in total (1 cm for
1 point): 0 points indicates no pain and 10 points indicates
an extremely severe pain. The higher the score, the more
severe the pain.?! Since the number of cases in our study
was comparatively small, the median number of 0-10,
5.5 (rounding up to 6) was used to categorize the severity
of pain. Besides, lumbar pain, numbness or pain of lower
limbs, SLR test, walking ability, esthesia, activities of daily
living (ADL), muscle strength, as well as bladder function
were all assessed using JOA score. The score of JOA ranges
from 0 to 29 points, where higher scores indicate less pain
and better function.3? Both VAS and JOA scores are widely
used in the evaluation of pain and function states in many
diseases.

Statistical analyses

Statistical analyses were carried out using IBM SPSS
v. 21.0 software (IBM Corp., Armonk, USA). The statisti-
cal graph was created using Prism 8.0 (GraphPad, San
Diego, USA). Data were described as mean + standard
deviation (SD) or median (interquartile range (IQR)).
The distribution data of miR-21 expressions was tested
using Kolmogorov—Smirnov test. The statistical analysis
showed that the data of miR-21 expressions were normally
distributed. The Student’s t-test was carried out to com-
pare the differences between the groups. One-way analy-
sis of variance (ANOVA) was applied to statistically test
the differences among >3 groups, followed by Dunn’s post
hoc tests. The Spearman’s correlation analysis was used
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to examine the association of miR-21 expression with VAS
and JOA scores. Area under the curve (AUC) was tested
for statistical analysis, with regard to receiver operating
characteristic (ROC) curve analysis. The values of p < 0.05
were considered statistically significant.

Results
Demographic data

There were significant differences in age (p < 0.001).
Besides, there were no significant differences in disease
duration between severe pain (SP) and mild-moderate pain
(MP) groups (median 6.3 compared to 6.0, p > 0.05). De-
mographic characteristics are listed in Table 1.

Table 1. Demographic characteristics

. Mild-
. Severe pain Control
Variable (n = 44) moderate (n=25)
» pain (n = 48) »
Sex (F/M) 19/25 24/24 11/14 0.783
Age [years] 372458 385 +6.0% 20.1+4.1 | <0.001
Disease duration B 80
el 6.3 (2-42) 6.0 (1-44) (56-136) <0.001
BMI [kg/cm?] 23624 232425 231426 | 0469

One-way analysis of variance (ANOVA) was applied, followed by Dunn’s
post hoc tests. BMI — body mass index; NS — not statistically significant
compared with the severe pain group after the post hoc analysis.

Serum and local miR-21 expressions
in LDH patients and controls

Based on the degree of pain, LDH patients with sciat-
ica were divided into the SP group (VAS = 6; n = 44) and
the MP group (VAS < 6; n = 48). Additionally, 25 scoliosis
patients without pain were enrolled as painless controls.
No significant differences of serum miR-21 expressions
were found between control and LDH patients (1.00 +0.04
compared to 1.00 +0.06, t = 0.936, p = 0.404; Table 2).
Also, no significant differences of serum miR-21 expres-
sions were found between the MP group and SP group
when Student’s t-test was used (1.00 +0.05 compared
to 1.00 +0.06, t = 0.942; p = 0.399; Table 3). Compared
to the controls, miR-21 expressions in NP, STANR and AF
were all significantly higher in the LDH group (t = 9.58,
2.58 +0.87 compared to 0.99 +0.06, p < 0.001, t = 9.136,
t = 13.16, all p < 0.001; Table 2). Subsequently, the local
miR-21 expression in the SP as well as the MP groups was
further compared. We found that NP (3.25 +0.40 com-
pared to 1.96 +0.70, t = 10.700, p < 0.001) as well as STANR
(2.75 +0.61 compared to 2.42 +0.55, t = 2.776, p = 0.007),
but not AF (2.68 +0.62 compared to 2.49 +0.58, t = 1.472,
p = 0.144) miR-21 expressions were significantly increased
in the SP group in comparison with MP group (Table 3).
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Table 2. Comparison of miR-21 expression between control and lumbar
disc herniation (LDH) patients

Control

miR-21 expression

NP miR-21 expression 1.00 £0.06 2.58 £0.87 <0.001
AF miR-21 expression 1.00 £0.06 2.58 £0.60 <0.001
STANR miR-21 expression 1.00 +£0.05 2.60 £0.58 <0.001
Serum miR-21 expression 1.00 £0.04 1.00 +£0.06 0404

Student’s t-test was used to compare miR-21 expression between control
and LDH patients. NP — nucleus pulposus; AF — annulus fibrosus; STANR
- soft tissues around nerve root.

Table 3. Comparison of miR-21 expression between control and lumbar
disc herniation (LDH) patients

Mild-moderate Severe

miR-21 expression . X
pain pain

p-value

NP miR-21 expression 1.96 £0.70 3.25+040 <0.001
AF miR-21 expression 249 +0.58 2.68 +0.62 0.144
STANR miR-21 expression 242 +0.55 2.75 £0.61 0.007
Serum miR-21 expression 1.00 +£0.05 1.00 +£0.06 0.399

Student’s t-test was used to compare miR-21 expression between control
and LDH patients. NP — nucleus pulposus; AF — annulus fibrosus; STANR
- soft tissues around nerve root.

Correlation between serum/local
miR-21 expressions and Pfirrmann grade
in LDH patients

The possible relationship between serum/local miR-21
expressions and compression degree to sciatic nerve was
further explored through Pfirrmann grading system.
In the LDH patients, there were 26, 36 and 30 patients
with Pfirrmann grade 1, 2 and 3, respectively. Through
Student’s t analysis, we found that LDH patients with
Pfirrmann grade 3 had drastically higher NP and STANR
miR-21 expressions than LDH patients with Pfirrmann
grade 2 (NP: 2.39 £0.21 compared to 2.17 +0.26, t = 2.209,
p = 0.031; STANR: 2.90 +0.54 compared to 2.57 +0.60,
t = 2.316, p = 0.024; Table 4). Furthermore, LDH pa-
tients with Pfirrmann grade 2 demonstrated markedly
increased NP and STANR miR-21 expressions compared
to LDH patients with Pfirrmann grade 1 (NP: 2.17 +0.26
compared to 2.06 +0.16, t = 2.844, p = 0.006; STANR:
2.57 £0.60 compared to 2.22 +0.48, t = 2.467, p = 0.017;
Table 4). The Spearman’s correlation analysis showed that
both NP and STANR expressions were positively related
to Pfirrmann grade (NP: r = 0.423, p < 0.001; STANR:
r = 0.440, p < 0.001; Fig. 1A,B). We performed ROC curve
analysis to explore the diagnostic value of local miR-21
with regard to Pfirrmann grade. The ROC curve analysis
indicated that both NP (Pfirrmann grade 1 compared to 2:
AUC =0.728, p = 0.002; Pfirrmann grade 2 compared to 3:
AUC =0.680, p = 0.013; Fig. 2A,B) and STANR (Pfirrmann
grade 1 compared to 2: AUC = 0.682, p = 0.015; Pfirrmann
grade 2 compared to 3: AUC = 0.665, p = 0.022) miR-21
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Table 4. Comparison of miR-21 expression among different Pfirrmann
grades

Grade 1 Grade 2 Grade 3

miR-21 expression

NP miR-21 expression 2.06 £0.16 217 +0.26* | 239 +021*
STANR miR-21 expression 222 +£048 257 £0.60* | 290 +0.54"
Serum miR-21 expression 0.98 £0.06 1.01 £0.06™ | 1.00 £0.06™

Student's t-test was used to compare miR-21 expression of grade 1
compared to grade 2, as well as grade 2 compared to grade 3; *p < 0.05
compared to grade 1; ¥p < 0.05 compared to grade 2; ns — not significant;
NP — nucleus pulposus; STANR — soft tissues around nerve root.

expressions may serve as significant diagnostic factors for
the Pfirrmann grade (Fig. 2C,D). However, there were no
significant differences in serum miR-21 expressions among
different Pfirrmann grades (1-3) detactable with one-way
ANOVA (0.98 +0.06 compared to 1.01 +0.06 compared
to 1.00 +0.06, respectively, F = 0.387, p = 0.681; Table 4).
Besides, serum miR-21 expressions were not significantly
associated with Pfirrmann grades (r = 0.107, p = 0.310).

Association of local miR-21 expression
levels with VAS and JOA scores

The associations of miR-21 expressions in STANR and NP
with VAS and JOA scores were then investigated. The Spear-
man’s correlation analysis showed that miR-21 expressions
in both NP and STANR were positively linked to VAS (NP:
r=0.592,p <0.001; STANR: r = 0.432, p < 0.001; Fig. 3A,B)
and negatively associated with JOA scores (NP: r = —-0.493,
p < 0.001; STANR: r = —-0.436, p < 0.001; Fig. 3C,D).

Discussion

Lumbar radicular pain was first described by Hip-
pocrates in the 14" century BC.?> Most of the pathophysio-
logic mechanisms in animal models as well as experimental
studies underpinning sciatica have been explored. How-
ever, the relevant neoplastic, infectious or degenerative
conditions have remained unexplored. In addition to me-
chanical deformation, the pathophysiologic mechanisms

A NP B

5 =

relative miR-21 expression
relative miR-21 expression
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of sciatica may also be related to inflammation, immunol-
ogy and neurophysiology.

Neuropathic and inflammatory pain promote a large
number of persisting adaptations at the cellular and molec-
ular level, allowing even transient tissue or nerve damage
to elicit changes in cells that contribute to the development
of chronic pain and associated symptoms.3* In recent years,
authors who were striving to achieve a consensus of opin-
ion related to the pathogenesis of neuropathic or inflam-
matory pain, in their works have been devoting increasingly
more attention to the importance of an epigenetic compo-
nent.* The advances in the basic and clinical sciences over
these years have substantiated the belief that neuropathic
or inflammatory pain could be partially regulated by epi-
genetic factors.3® The miRNAs do not only function as one
of the most important epigenetic machineries, but also are
epigenetically modified by DNA methylation and histone
modification like any other protein-coding gene.’

The current study investigated the effect of serum/local
miR-21 expression on disease severity in LDH patients
with sciatica. We found that local miR-21 expression was
significantly higher than in controls, indicating that local
miR-21 may take part in the process of sciatica in LDH
patients. In this study, we did not observe any significant
differences in serum miR-21 expressions between LDH
patients and controls, indicating that LDH causing radicu-
lar pain is a local event instead of a systematic process.
On the other hand, sometimes, microRNA expressions
in the serum are not stable and may be affected by many
other conditions.

Additionally, we found that local miR-21 levels of NP
and STANR were positively linked to VAS score and
negatively related to JOA score. As mentioned before,
the herniated tissue is not inert but very active in ex-
pressing inflammatory mediators. Both the chemical ir-
ritation caused by the NP-released bioactive substances
and an autoimmune response against itself can also in-
duce the inflammation. We extended these findings and
demonstrated that higher local NP and STANR miR-21
expressions in LDH patients are linked to the increased
radicular pain.

STANR

Fig. 1. A. Spearman’s
correlation analysis
between local
nucleus pulposus (NP)
miR-21 expressions
and Pfirrmann grade
(n=92); B. Spearman’s
correlation analysis
between local soft
tissues around nerve
root (STANR) miR-21
expressions and
Pfirrmann grade
(n=92)

r=0.440
p < 0.001

Pfirrmann grade

T T T
1 2 3

Pfirrmann grade
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The following ROC curve analysis showed that both NP
and STANR miR-21 expressions may serve as a significant
diagnostic factor for the Pfirrmann grade, indicating that
the more the disk is herniated, the higher the miR-21 is ex-
pressed. The herniated disk tissues also affect the STANR,
but not in AF. This may be attributed to the fact that in-
creased miR-21 expressions originate from the degenerated
disk. Many researchers focused on the proinflammatory
role of NP around the nerve root. As reported in studies,
NP had both inflammatogenic and leucotactic effects.3%3°
An animal study also reported that autologous NP ap-
plied to the lumbar nerve roots of rats led to a reduced
blood flow to the DRG as well as an elevated endoneurial
fluid pressure.*® The miR-21 has been implicated to play
arole in causing the inflammatory and neuropathic pain
in previous studies. Simeoli et al. found that pain neurons
in DRG release exosomes containing miR-21 after nerve
injuries. These exosomes are then absorbed by the immune
cells in the surrounding, further contributing to the local
inflammation as well as neuropathic pain.*! Chemokines
produced by Schwann cells and satellite cells promote

Z.Zou et al. Local miR-21 in sciatic pain

NP Fig. 2. Area under curve (AUC)

was tested for statistical analysis.

A. Receiver operating characteristic
(ROQ) curves of nucleus pulposus
(NP) miR-21 expression with regard
to Pfirrmann grade 1 (n = 26)
compared to Pfirrmann grade 2

(n = 30); B. ROC curves of NP

miR-21 expression with regard

to Pfirrmann grade 2 (n = 30)
compared to Pfirrmann grade 3
(n=36); C. ROC curves of annulus
fibrosus (AF) miR-21 expression with
regard to Pfirrmann grade 1 (n = 26)
compared to Pfirrmann grade 2

(n = 30); D. ROC curves of AF miR-21
expression with regard to Pfirrmann

AUC = 0.680
p=0.013

grade 2 (n = 30) compared
20 40 60 80 100

to Pfirrmann grade 3 (n = 36)
100% - specificity [%] STANR - soft tissues around nerve
root.

STANR

Pfirrmann grade 2 vs 3

AUC = 0.665
p=0.022

I I I I 1
20 40 60 80 100

100% - specificity [%]

monocyte/macrophage infiltration at the site of injury
and DRG. When they blocked the release of miR-21 from
the exosomes of DRG pain neurons, they played an anti-
inflammatory role and prevented the neuropathic pain
in mice.*!

Limitations

There were some limitations that should be taken into
account. First, the sample size was relatively small. More
samples would be needed to identify the findings of our
study. Second, we only examined serum and local miR-21
expressions. The investigation of other miRNAs or related
inflammatory cytokines may reveal much more valuable
information.

Conclusions

We found that local NP and AF miR-21 expressions were
significantly upregulated in LDH patients with sciatica
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Fig. 3. A. Spearman’s
correlation analysis
between nucleus
pulposus (NP) miR-21
expressions and
visual analogue
scale (VAS) scores
(n=92); B. Spearman’s
correlation analysis
between soft tissues
around nerve root
(STANR) miR-21
expression and

VAS scores (n =92);

STANR

VAS scores

NP D

r=0.493
p < 0.001

relative miR-21 expression

r=0.436
p < 0.001

2 4 6 8

C. Spearman’s
correlation analysis
between NP miR-21
expressions and
Japanese Orthopedic
Association (JOA) scores
(n=92); D. Spearman’s
correlation analysis

of STANR miR-21
expression with JOA
scores (n=92)

10

VAS scores

STANR

JOA scores

compared to controls, and local miR-21 expressions were
positively correlated with disease severity of LDH. Local
interventions that target miR-21 and its related signaling
in LDH patients require further study.
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Abstract

Background. Hepatitis B virus (HBV) infection is one of the most common infections, affecting 248 million
people worldwide. Hepatitis B virus can progress to cirrhosis, liver failure and hepatocellular carcinoma (HCC).

Objectives. To analyze the clinical characteristics and survival time of HCC occurrence in patients with HBV
infection after virus turning negative.

Materials and methods. The Kaplan—Meier and log rank survival analysis were performed to compare
the overall survival (0S) of the patients with HCCin different groups.

Results. The 1-, 3- and 5-year 0S rates of the 104 investigated patients were 76.4%, 54.4% and 20.5%,
respectively. The median survival time was 37 months. The median survival time of HBV-DNA-negative
group was longer than that of the HBV-DNA-positive group (negative compared to positive: 42 compared
t0 36, p=0.003). The 5-year OS rate of patients receiving antiviral therapy before HCC diagnosis in the HBV-
DNA-negative group was higher than that in the HBV-DNA-positive group (negative compared to positive:
53.0% compared to 0%, p = 0.022). There was no significant difference in the 5-year OS rate in patients who
did not receive antiviral therapy before HCC diagnosis between HBV-DNA-negative and HBV-DNA-positive
groups (p=0.195).

Conclusions. Among HBV-infected patients, a significant proportion of virus-negative patients develop liver
cancer and require long-term continuous monitoring. A long-term effective antiviral therapy can improve
the survival rate of patients with liver cancer. This study revealed important clinical characteristics of HCC
patients and provided useful information for their clinical management and monitoring.

Key words: HBV-DNA, hepatocellular carcinoma (HCC), hepatitis B virus (HBV), survival rate
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Background

Hepatitis B virus (HBV) infection is one of the most
common infections, affecting 248 million people world-
wide.! Hepatitis B virus causes chronic infection in pa-
tients and can lead to cirrhosis, hepatocellular carcinoma
(HCC) and other serious liver diseases.? Primary liver
cancer is the 5" most frequent cancer and the 2"! main
reason of cancer death worldwide.?* The main patho-
logical types of primary liver cancer include HCC, in-
trahepatic cholangiocarcinoma (ICC) and hepatocellular
carcinoma combined with cholangiocarcinoma (CHCC-
CC).5 Hepatocellular carcinoma accounts for more than
90% of primary liver cancer cases, and in China, more
than 90% of patients suffering from primary liver can-
cer die from HCC each year, which is associated with
a rising rate of annual HBV infection.®’ In addition, ge-
netic conditions leading to chronic liver disease, such
as hemochromatosis and alpha-1 antitrypsin deficiency,
also increase the risk of HCC.® Hepatocellular carci-
noma occurs mainly in the context of cirrhosis, hepatitis
B or C virus infection or nonalcoholic steatohepatitis.’
Hepatocellular carcinoma is the most rapidly rising cause
of cancer-related deaths in developed countries and is an-
ticipated to increase further.”!° Chronic HBV or hepatitis
C virus (HCV) infection are the most common causes
of HCC,*! accounting for 78.5% of HCC-related deaths
worldwide in 2013.3 It is a global public health threat
that causes considerable liver-related morbidity and
mortality.!?

So far, serum HBV-DNA level has become a major
marker for monitoring virus replication and evaluating
the efficacy of antiviral therapy in patients with chronic
HBYV infection.!® In clinical practice, HBV replication
can be assessed by viral DNA load.'* A study has proven
that the excessive degree of HBV-DNA is an indepen-
dent threat component for the occurrence of HCC.!®
Another study showed that when HBV-DNA stages were
less than 2000 IU/mL, the chance of HCC remained,
with an annual incidence of 0.06%.1° However, it is still
unknown how the clinical features and survival rates
of HCC in HBV-infected individuals differ from those
in HBV-negative patients. The prognosis of patients
with liver cancer has been very poor, with a 5-year sur-
vival rate of less than 20%.!” However, there is little data
on the survival trends in HCC patients for whom the
HBV was tested negative.

Objectives

The aim of this study was to analyze the traits and sur-
vival time of HCC occurrence in patients with HBV infec-
tion after HBV turning negative.
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Materials and methods
Ethical approval

All patients signed informed consent. The study protocol
was in line with the ethics guidelines of the Declaration
of Helsinki and approved by the local ethics committee
of the First Hospital of Shanxi Medical University (ap-
proval No. K028).

Patients

All patients with HCC caused by HBV infection diag-
nosed at the Department of Infectious Diseases of the First
Hospital of Shanxi Medical University from June 2014
to June 2017 were included. During diagnosis of HCC, ac-
cording to the titer of HBV-DNA, the patients were divided
into 2 groups: HBV-DNA-negative group and HBV-DNA-
positive group.

Inclusion and exclusion criteria

All patients met the following inclusion criteria: HBV in-
fection and diagnosis in accordance to the Chronic Hepa-
titis B Prevention and Control Guidelines (2015 Edition).!
Hepatocellular carcinoma was diagnosed in accordance
to the Guidelines for Diagnosis and Treatment of Primary
Liver Cancer in China (2017).'° Exclusion criteria were
as follows: patients coinfected with different viruses, in-
cluding HCV, hepatitis D virus (HDV) or human immu-
nodeficiency virus (HIV), and patients with different liver
diseases, including alcohol-related or non-alcohol-related
liver disease, autoimmune liver disease, drug-induced liver
diseases, and other factors.

Follow-up

Until June 30, 2017, all hospitals followed up the patients
using both passive and active approaches, with active fol-
low-up by telephone every 3 months. In addition, hospital
staff linked patient records to local population-based can-
cer registry data, which provided the information on their
survival. The survival time of the patients was calculated
starting from the date of HCC diagnosis to the last follow-
up date, and the survival time of the patients who had
already died was calculated from the date of HCC diagnosis
to the patient’s death.

Data collection

Patients were directly questioned and the past medi-
cal records were collected and thoroughly analyzed for
the diagnosis of HCC, including the following: 1) general
information: gender, age, history of diseases, personal his-
tory, family history, etc.; 2) laboratory examination: HBV-
DNA, hepatitis B serologic test, platelet (PLT) count test,
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serum alanine aminotransferase (ALT), serum albumin
(ALB), total bilirubin (TBIL), alpha-fetoprotein (AFP), etc.;
3) other data: use of antiviral drugs, survival rate after
HCC diagnosis, etc.

Statistical analyses

Statistical evaluation was carried out with the use of SPSS
(v. 26.0; IBM Corp., Armonk, USA) and Stata (v. 12.0; Stata-
Corp LLC, College Station, USA) software. The 1-, 3- and
5-year overall survival (OS) rates and median survival time
were analyzed using the Kaplan—Meier method. The dif-
ferences between the survival curves were analyzed using
the log rank test. Two-sided values of p < 0.05 were con-
sidered statistically significant.

Results

Baseline data of liver cancer
patients investigated

A total of 104 individuals were recruited in this study,
including 61 patients in HBV-DNA-negative group and
43 patients in HBV-DNA-positive group. The age of pa-
tients in the HBV-DNA-negative group, which consisted
of 48 (78.69%) males and 13 (21.31%) females, was between
50 and 63 years, with a median of 62 years. According
to the data, 18 (29.51%) patients were smokers, 8 (13.11%)
patients had diabetes and there were 15 (24.59%) patients
with HBV family history. Also, 47 (77.05%) patients were di-
agnosed with HCC complicated with cirrhosis; 43 (70.49%)
patients had received antiviral therapy before HCC diag-
nosis; 35 (57.38%) patients had normal body mass index
(BMI) (18.5-23.0 kg/m?). As for the HBV-DNA-positive
group, including 31 (72.09%) males and 12 (27.91%) females,
the patients ranged in age from 43 to 62 years, with a me-
dian of 52 years. In this group, 13 (30.23%) patients were
smokers, 4 (9.30%) patients had diabetes and there were
14 (32.56%) individuals with HBV family history. Also,
40 (93.02%) patients were complicated with cirrhosis,
11 (25.58%) patients had received antiviral therapy before
HCC diagnosis and 25 (58.14%) individuals had normal
BMI (18.5-23.0 kg/m?). Compared with HBV-DNA-positive
group, patients in the HBV-DNA-negative group had lower
proportion of liver cirrhosis (77.05% compared to 93.02%,
p = 0.034) and higher proportion of receiving antiviral
therapy (70.49% compared to 25.58%, p < 0.001) (Table 1).

With regard to results obtained from hepatitis B serologic
test, the difference in hepatitis B e-antigen (HBeAg)/ hepati-
tis B e-antibody (HBeAb) between the HBV-DNA-negative
group and the HBV-DNA-positive group was statistically
significant (p = 0.021). Moreover, the proportion of HBeAg
(+)/HBeAb (-) was lower (16.39% compared to 34.88%), and
the proportion of HBeAg (+)/HBeAb (-) was higher (31.15%
compared to 11.63%) in the HBV-DNA-negative group than
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that in the HBV-DNA-positive group, while the proportion
of HBeAg (+)/HBeAb (-) was almost the same (52.46%
compared to 53.49%) in these 2 groups. The other measure-
ments also showed that the proportion of patients with
normal ALT level (<40 U/L) in the HBV-DNA-negative
group was higher than that in the HBV-DNA-positive
group (55.74% compared to 27.91%, p = 0.017). There was
no statistically significant distinction between 2 groups
regarding TBIL (p = 0.181) and ALB (p = 0.065) levels.
In PLT comparison, the proportion of people with normal
PLT level (100-300 x 10%/L) in the HBV-DNA-negative
group was lower than that in the HBV-DNA-positive group
(49.18% compared to 60.47%). However, the difference be-
tween the 2 groups regarding AFP was not statistically
significant (p = 0.128). The details of the analysis are pre-
sented in Table 1.

Survival and univariate analysis

At the end of the follow-up period, there were 35 deaths
due to liver cancer, 1 patient survived for more than 5 years
and the median survival time was 37 months (95% con-
fidence interval (95% CI): [32.13; 41.87]). The 1-, 3- and
5-year survival rates after the HCC diagnosis were 76.4%,
54.4% and 20.5%, respectively (Fig. 1A). In the HBV-DNA-
negative group, there were 15 liver cancer deaths, median
survival time was 42 months (95% CI: [31.19; 52.81]), and
1-, 3-, and 5-year survival rates after the HCC diagno-
sis were 84.9%, 64.6% and 15.9%, respectively. However,
in the HBV-DNA-positive group, the median survival time
was 36 months (95% CI: [11.68; 60.32]) and the 1-, 3- and
5-year survival rates after the HCC diagnosis were 64.2%,
40.3% and 0%, respectively. The survival rate of HBV-DNA-
negative group was higher than that of HBV-DNA-posi-
tive group, and the difference was statistically significant
(x% = 8.864; p = 0.003; Fig. 1B). A further analysis of the pa-
tients who acquired antiviral remedy before the HCC di-
agnosis confirmed that 1-, 3- and 5-year survival rates
were 87.0%, 66.3% and 53.0% in the HBV-DNA-negative
group and 58.9%, 29.5% and 0% in the HBV-DNA-positive
group, respectively. There was a substantial distinction
in the survival rate between the 2 groups (x* = 5.285;
p = 0.022; Fig. 1C). For patients with no antiviral therapy
before the HCC diagnosis in the HBV-DNA-negative and
the HBV-DNA-positive groups, 1-, 3- and 5-year survival
rates were 75.0%, 56.3% and 0%, and 66.9%, 31.8% and 0%,
respectively. There was no large difference in survival rates
(x? = 1.679; p = 0.195), but the survival rate of the HBV-
DNA-negative group was relatively high (Fig. 1D).

Relationship between antiviral therapy
and survival time

The median survival time of patients receiving antiviral
therapy before the HCC diagnosis was 42 (95% CI: [33.93;
50.07]) months, and that of patients without antiviral
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Table 1. Baseline data of 104 patients with liver cancer

HBV-DNA- HBV-DNA-
Characteristics | negative patients | positivepatients | p-value*
n (%) n (%)

Total number 61(100) 43 (100) B

of cases

Gender
Male 48 (78.69) 31(72.09) 0438
Female 13(21.31) 12(27.97)

Age [years]
<44 3(4.92) 14 (32.56)
45-54 22 (36.07) 11 (25.58) 0045
55-64 23(37.70) 11 (25.58) ’
65-74 11 (18.03) 5(11.63)
>75 2(3.28) 2 (4.65)

Smoking status
Never-smoker 43 (70.49) 30 (69.77) 0.937
Smoker 18 (29.51) 13(30.23)

Diabetes
Absent 53 (86.89) 39 (90.70) 0.757
Present 8(13.11) 4(9.30)

Family history

of HBV
Absent 46 (73.41) 29 (67.44) 0372
Present 15 (24.59) 14 (32.56)

Liver cirrhosis
Absent 14 (22.95) 3(6.98) 0.034
Present 47 (77.05) 40 (93.02)

Antiviral

treatment
Absent 18/(2951) 32 (74.42) <0001
Present 43 (70.49) 11 (25.58)

BMI [kg/m?]
<185 3(4.92) 3(6.98) 0905
18.5-23.0 35(57.38) 25 (58.14) ’
>23.0 23(37.70) 15 (34.88)

HBsAg
<225 33 (54.10) 19 (44.19) 0319
>225 28 (45.90) 24 (55.81)

therapy was 31 (95% CI: [24.74; 37.26]) months. The 1-, 3-
and 5-year survival rates for both groups were 81.4%, 58.5%
and 19.5%, and 70.6%, 29.6% and 0%, respectively. There
was no significant difference between the survival rates
of the 2 groups (x? = 2.885; p = 0.089) (Fig. 2A). In addition,
there was no large difference between the survival rate
of patients treated with sustained antiviral for more than
2 years and those treated with antiviral therapy for less than
2 years (x? = 0.454; p = 0.500) (Fig. 2B). However, patients
who underwent antiviral treatment for more than 2 years
before the diagnosis of HCC experienced a higher 3- and
5-year survival rates than patients without the treatment
(66.3% and 39.8% compared to 31.5% and 0%, respectively).

Discussion

In recent years, with the emergence of nucleotides and
their analogues, the clinical prognosis of HBV-associated
end-stage liver disease has significantly improved. However,
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HBV-DNA- HBV-DNA-
Characteristics | negative patients | positivepatients | p-value*
n (%) n (%)

HBeAg/HBeAb
+)/(=) 10 (16.39) 15 (34.88) 0021
/=) 19 (31.15) 5(11.63) ’
/) 32 (52.46) 23 (53.49)

HBcAb
<45 37 (60.66) 23 (5349) 0.466
>45 24 (39.34) 20 (46.51)

PLT [10%/L]
<100 31(50.82) 15 (34.88) 0,021
100-300 30 (49.18) 26 (60.47) ’
>300 0 (0.00) 2 (4.65)

ALT [U/L]
<40 34 (55.74) 12 (27.91)
40-80 17 (27.86) 19 (44.19) 0.017
81-120 5(8.20) 5(11.62)
>120 5(8.20) 7(16.28)

TBIL [pmol/L]
<17.1 18 (29.51) 5(11.63)
17.1-34.2 24 (39.34) 23 (5349) 0.181
>34.2 19 (31.15) 15 (34.88)
35-55 41 (67.21) 23 (5349)

ALB [g/L]
<35 20(32.79) 20 (46.51) 0.065
35-55 41 (67.21) 23 (53.49)

AFP [ng/mL]
<20 27 (44.26) 14 (32.56) 0128
20-400 13 (21.31) 17 (39.53) '
>400 21 (3443) 12 (27.91)

HBV — hepatitis B virus; HBsAg — hepatitis B surface antigen;

HBeAg - hepatitis B e-antigen; HBeAb — hepatitis B e-antibody;

HBCcADb — hepatitis B core antibody; BMI - body mass index; PLT - platelets;
ALT - alanine aminotransferase; TBIL — total bilirubin; ALB — albumin;

AFP - alpha-fetoprotein; *Student's t-test was used for continuous
variables and x* test was used for categorical variables.

some patients still develop HCC after viral negative trans-
formation, suggesting that the inhibition of viral replica-
tion and liver inflammation alone cannot eliminate HCC.
This study collected and compared the characteristics
of HBV-related HCC patients at diagnosis and after turn-
ing positive or negative, in order to provide the scientific
evidence for the occurrence and clinical regularity of HCC
after HBV infection. Up to now, the therapy of HCC has
involved mainly surgical treatments, antiviral therapy and
a few other methods. Patients with HBV-associated HCC
have significantly improved survival rates when the com-
bination therapy model is employed.

In this study, 83.65% of individuals were diagnosed with
cirrhosis complicated with HCC, which was consistent
with the data from the previous research stating that
cirrhosis is a high risk factor for HEB complicated with
HCC.2%2! This study discovered that the percentage of pa-
tients with cirrhosis was considerably different between
HBV-DNA-positive group and HBV-DNA-negative group,
and the percentage of patients with cirrhosis was lower
in the HBV-DNA-negative group. Therefore, some HBV-
DNA-negative patients with chronic HEB will develop
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Fig. 1. Survival analysis curve. A. Overall survival curve; B. Survival curves of the hepatitis B virus (HBV)-DNA negative group and HBV-DNA-positive group;
C. Survival curves of HBV-DNA-negative group and HBV-DNA-positive group with antiviral treatment; D. Survival curves of HBV-DNA-negative group and

HBV-DNA-positive group without antiviral treatment

HCC even if it does not progress to liver cirrhosis. In this
regard, we hypothesized that some HBV-DNA-negative
patients had received a long-term antiviral therapy before
progressing to cirrhosis, and that antiviral treatment can
improve or reverse liver fibrosis and cirrhosis. A study has
shown that entecavir (ETV) could significantly improve
or reverse hepatic fibrosis or cirrhosis in HBeAg-negative
or HBeAg-positive individuals, and the Ishak fibrosis
scores improved by 88%.22 Lok have collected and ana-
lyzed the results of nucleotide analogues (NAs) that were
observed for more than 10 years.? They found that 1 year
of NAs treatment reduced liver inflammation in 50~70%
of chronic hepatitis B (CHB) patients. After 3-5 years
of long-term treatment, fibrosis and cirrhosis could be
resolved in most patients.

Antiviral remedy is the key to deal with chronic
HBYV infection. Effective antiviral remedy can lengthen

the survival time of patients with liver cancer. Long-term
research on lamivudine (LAM) and adefovir (ADV) has
proven that antiviral remedy reduces the occurrence
of HCC in patients with chronic HBV infection.?* A mul-
ticenter study in Taiwan additionally confirmed that 4-year
ETV treatment appreciably reduced the danger of liver can-
cer, cirrhosis events and mortality in patients with hepatic
B-associated cirrhosis, with a 60% reduction of the threat
of liver cancer as compared to the non-antiviral group.?
A retrospective study in 632 patients with hepatitis-as-
sociated liver cancer found that the 2-year survival rate
of patients with hepatitis-associated liver cancer before
and after antiviral remedy was significantly greater than
that of patients without antiviral therapy (x* = 33.792;
p = 0.000, x2 = 33.179; p = 0.000).2° Therefore, antiviral
remedy before and after HCC diagnosis is beneficial. In our
study, 43 HBV-DNA-negative and 11 HBV-DNA-positive
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Fig. 2. Relationship between antiviral therapy and survival time.
A. Survival curves of patients with antiviral and no antiviral therapy;
B. Survival curves of patients with antiviral course >2 years and <2 years

patients received effective antiviral therapy. The remaining
32 individuals who did not obtain antiviral cure developed
liver cancer. This was constant with the study by Choi
etal. stating that not receiving effective antiviral treatment
is an independent cause of HCC in patients with hepatic
B cirrhosis.?” In addition, there was no significant differ-
ence in 1-, 3- and 5-year survival rates between patients
who were administered antiviral remedy before diagnosis
and those who did not (x* = 2.885; p = 0.089). This may
be associated with the older age of patients in the antivi-
ral remedy group at the time of HCC diagnosis, different
treatment measures taken after HCC diagnosis and the ap-
plication of antiviral drugs.

Different researchers have different views on the rela-
tionship between HBeAg and HCC. In an 8-year prospec-
tive follow-up study of 18,154 HBeAg-positive patients
in Taiwan, these patients were found to have a relatively
high risk of liver cancer, which was 6 to 7 times higher than
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in the HBeAg-negative patients.?® Zhou et al. determined
that there was no significant difference between the inci-
dence of HCC and serum E-antigen positivity in patients
with chronic HBV infection.?” Another study reported
an even higher risk of HCC in HBeAg-negative patients.°
In our study, HBeAg-negative patients accounted for a large
proportion of the whole study population. Compared with
the HBV-DNA-positive group, HBeAg'/HBeAb ratio was
lower and HBeAg /HBeAb™ ratio was higher in the HBV-
DNA-negative group. We speculated that this was related
to along-term antiviral remedy in the HBV-DNA-negative
group. Some patients were negative for HBeAg after treat-
ment, but no serological changes of HBeAg were observed.
This does not rule out the possibility that some HBeAg-
negative patients with chronic HBV are tested negative
right now, but were HBV-DNA-positive before undergoing
antiviral treatment, mainly due to mutations in anterior
C and BCP regions of the virus strain during the immune
clearance period.?! After a long-term antiviral therapy,
the expression of the mutated HBeAg was highly reduced
and HBV-DNA became negative. Whether it is necessary
to further define the HBeAg and HBeAb of patients before
antiviral treatment needs to be further examined.

Watanabe et al. found that the PLT level was related
to the improvement in patients with HBV-associated HCC,
and low PLT level was an independent indicator of the pos-
sible occurrence of HCC.32 A study has shown that the pe-
ripheral blood PLT count of HBV-associated HCC patients
is different and dynamic.3® The peripheral blood PLT count
of patients with early HCC was considerably lower than
that of patients with advanced HCC. Some scholars be-
lieve that HCC can synthesize PLT biotin, which can cause
paraneoplastic PLT hyperplasia. The larger the tumor size,
the more often the synthesis of bopoietin and the higher
the peripheral blood PLT count.?* In this study, HBV-DNA-
negative patients had lower PLT levels than HBV-DNA-pos-
itive ones. This may be associated with the greater number
of HBV-DNA-negative patients receiving antiviral therapy
and regular follow-up. Most patients in the HBV-DNA-
positive group were diagnosed with advanced HCC, result-
ing in PLT accompanied by paracancerous hyperplasia.

In our study, the serum ALT level was decreased
in the HBV-DNA-negative group, which may be associ-
ated with the higher percentage of antiviral treatment
in the HBV-DNA-negative group. Antiviral remedy can
enhance liver inflammation. Consistent with the results
obtained by Furman et al., serum ALT levels were lower
in HCC patients with negative HBV-DNA during medium
and long-term NAs treatment than in HCC patients with
positive HBV-DNA. %

With the global implementation of infant HBV vaccina-
tion programs, the incidence of HBV virus infection in birth
cohorts has gradually declined. However, due to the long
incubation period of HBV infection, an immense percent-
age of patients with chronic HBV infection develop HCC
or even die. In 2009, Nguyen et al. found that the prognosis
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of HBV-related HCC was very poor, the median survival
time was less than 16 months, and the 1-, 3- and 5-year
survival rates were 36—67%, 10—56% and 15-26%, respec-
tively.3® In this study, the median survival time of HCC
patients was 37 months, and the 1-, 3- and 5-year survival
rates were 76.4%, 54.4% and 20.5%, respectively.

The HBV-DNA stages (negative or positive) are also as-
sociated with the prognosis of HBV-associated HCC pa-
tients. One study has proven that the 2-year survival rate
of HBV-DNA-negative group is higher than that of HBV-
DNA-positive group (p = 0.007).%” Stratified evaluation
confirmed that HBV-DNA was associated with survival
rate, and the difference between the 500 IU/mL HBV-DNA
group and the 105 IU/mL HBV-DNA group was statisti-
cally significant (p = 0.009), suggesting that the higher
the baseline HBV-DNA level, the lower the survival rate
and the worse the prognosis after the HCC diagnosis.
In this study, there was a significant distinction in the sur-
vival rate between HBV-DNA-negative and HBV-DNA-
positive group (x? = 8.846; p = 0.003). Similarly to previous
studies, patients in the HBV-DNA-negative group survived
longer. The difference between the 2 groups may be related
to HBV reactivation (PHR) after liver cancer treatment.
One of the risk factors for the recurrence of liver cancer
is HBV activation.?® The occurrence of PHR may be related
to surgical resection and interventional therapy of HCC.
Lao etal. found a PHR risk after hepatectomy or transarte-
rial chemoembolization (TACE).?® Preoperative HBV-DNA
level, hepatic blood flow, degree of cirrhosis, and other fac-
tors are related to PHR, even if the preoperative HBV-DNA
titer is less than 500 copies/mL, there is still a risk of post-
operative virus infection. Lai and Yuen also conducted
a similar study.?* The HBV-associated HCC patients with
negative HBV-DNA were at risk of hepatitis B reactivation
after TACE, and PHR could further damage liver function
and affect the prognosis of a patient. A further analysis
of the individuals treated with antiviral therapy before
HCC showed that the HBV-DNA-negative group had lon-
ger survival time and higher survival rate than the HBV-
DNA-positive group, which was related to the dual effect
of antiviral remedy and the negative HBV-DNA.

Limitations

The sample size of our study was relatively small, and
further multicenter studies with large sample size are
needed to confirm the outcomes of the study.

Conclusions

In summary, HBV-infected patients are at hazard of de-
veloping HCC even after turning virus-negative. When di-
agnosed with HCC, most patients have received long-term
and effective antiviral therapy, thus decreasing the de-
gree of cirrhosis, which indicates that antiviral therapy
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is one of the effective means for the remedy of liver can-
cer. At the same time, continuous monitoring of the dis-
ease is necessary to achieve early detection, diagnosis and
therapy of HCC.
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Abstract

Background. Itis widely accepted that patients with chronic kidney disease (CKD) should play an active
role in the selection of renal replacement therapy (RRT) option. However, patients” knowledge about CKD
and treatment options is limited. The implementation of structured education program and shared decision-
making may result in a better preparation to RRT, more balanced choice of dialysis modalities and better
access to kidney transplantation (TX).

Objectives. The aim of this long-term study was to assess the impact of formalized Predialysis Education
Program (fPEP) on knowlege on RRT options, as well as on selected and definitive therapy.

Materials and methods. The study included 435 patients (53% men, mean age 60 years) with CKD stage
4.and 5, participating in fPEP at our center. The program included at least 3 visits, during which balanced
information about all RRT options was presented and self-care and informed decision-making were encour-
aged. The knowledge about RRT options before and after fPEP attendance, and selected and definitive RRT
options were assessed.

Results. Ninety-two percent of patients received prior nephrology care. After fPEP completion, in most
patients, the knowledge about CKD and RRT options and selected preferred modality improved — 40%
of participants chose hemodialysis (HD), 32% peritoneal dialysis (PD) and 18% TX. During the observation
period, 4% of patients died before commencement of dialysis, 2.7% received preemptive kidney transplant,
8.6% were placed on transplant waiting list, and 94% started dialysis (30% PD and 70% HD). Among those
who chose PD, 69% started PD and 24% started HD; the leading causes of the discrepancy between choosing
and receiving PD was the deterioration in clinical condition (50%) and change of decision (32%).

Conclusions. The fPEP increases CKD patients’ knowledge on RRT methods. The implementation of a de-
cision-making process based on fPEP leads to a satisfying distribution between modalities, with a good
concordance between chosen and definitive modality.

Key words: end-stage renal disease, chronic kidney disease, renal replacement therapy, predialysis educa-
tion, modality selection
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Background

International guidelines for treatment of kidney disease
recommend informing the patient about all renal replace-
ment therapy (RRT) options, as well as involving them
in the process of selection of treatment modality and pro-
moting the informed patient decision-making."> When im-
plemented properly, predialysis education programs may
produce many benefits: deferred initiation of dialysis, less
emergency dialysis starts, more balanced distribution of RRT
options, less anxiety and fear, and probably better survival.>~7

It has been recognized that predialysis care and prepara-
tion for end-stage renal disease (ESRD) in Poland is subop-
timal, contributing to the unbalanced distribution of RRT
modalities and high morbidity and mortality after the
initiation of dialysis. Despite dissemination of practice
guidelines, predialysis education in Poland is provided
infrequently, and if provided, its comprehensibility seems
to be suboptimal.

In 2004, based on the general principles of multidisci-
plinary predialysis care clinics, the formalized Predialysis
Education Program (fPEP) adapted to Polish organiza-
tional, social and cultural circumstances has been devel-
oped and implemented in the Department of Nephrology,
Dialysis and Internal Diseases of Warsaw Medical Univer-
sity, Poland. Since 2005, it has become a part of clinical
practice of predialysis care and remains ongoing.

Objectives

The aim of the present study was to assess the impact
of fPEP on knowledge of RRT options, and chosen and
definitive modality at the start of RRT treatment.

Materials and methods

This is an observational, prospective, long-term, single-
center study aimed at determining the impact of formal-
ized PEP on 435 chronic kidney disease (CKD) patients
transitioning from CKD care to RRT. The fPEP was de-
veloped for the purpose of clinical practice in Department
of Nephrology, Dialysis and Internal Medicine, Warsaw
Medical University, Poland. Anonymized patient data were
extracted from patient files prepared for the needs of fPEP
and provided to the research team. According to Polish law,
for educational interventions, ethics committee approval
is not applicable.

Study population

The study included patients participating in fPEP at our
center between January 2005 and December 2019. Patients
were referred to fPEP regardless of potential contraindica-
tions to specified RRT modalities. The inclusion criteria

E. Wojtaszek et al. Education & renal replacement therapy modality

were as follows: 1) CKD stage 4 or 5; 2) completion of edu-
cation process (at least 2 visits) with a certificate issued;
3) initiation of dialysis or kidney transplantation (TX)
or death at the end of the study. The exclusion criteria were:
1) incomplete education (only 1 visit and/or lack of cer-
tificate); 2) education after urgent-start dialysis; 3) educa-
tion before return to dialysis due to transplanted kidney
failure. The following demographic and clinical data were
registered: age, sex, family status, duration of nephrology
care, knowledge of kidney disease and different treatment
options, cause of kidney failure and comorbidities (diabe-
tes, coronary artery disease, heart failure, cerebrovascular
disease, peripheral atherosclerosis, chronic pulmonary dis-
ease, chronic liver disease, cancer), potential medical, psy-
chological and social contraindications to particular RRT
options, and kidney function (measured with estimated
glomerular filtration rate (¢GFR)) at fPEP commencement.

Study protocol

Patients with advanced renal failure (¢GFR < 20 mL/min)
with their families or caregivers are referred to the partici-
pation in fPEP. Nephrologists and highly trained nurses
experienced in all RRT modalities are involved in the edu-
cation process. The basic schedule includes 3 individual
(face-to-face) meetings lasting 60—90 min (further vis-
its are possible at the initiative of the patient or the edu-
cational team). Subsequent visits are arranged every
2—4 weeks. Educational materials to help discuss specific
issues are available, as well as a presentation of dialysis
equipment and meetings with patients treated with vari-
ous RRT methods.

To improve the communication between educational
team members, each visit is documented using short forms
containing most important information about the patient,
confirming acquisition of information provided to the pa-
tient during previous visit, and outlining the educational
content planned for the next meeting.

Visit 1

During the first visit, a “patient profile” is created to es-
tablish an education plan tailored to the needs and cogni-
tive abilities of the patient, and to identify contraindica-
tions and/or prejudice to any therapy option. This includes
a history of kidney disease, comorbidities, symptoms of re-
nal failure, patient’s current life situation, degree of inde-
pendence, as well as lifestyle and employment. The knowl-
edge about the disease and motivation to participate
in the treatment process are assessed using self-prepared
questionnaire with a grading scale based on the Polish
school grading scale (1-6). Regardless of the CKD stage,
the explanation of the progressive and irreversible nature
of CKD and its adverse effects on the functioning of other
organs is essential. The analysis of test results allows for
showing the relationship between deteriorating kidney
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function and the changes in the patient’s wellbeing. This
is a background to discuss ways to slow down the pro-
gression of kidney disease and prevent its complications,
and to emphasize patient’s participation in the process.
Discussing the symptoms of renal failure, the importance
of patient self-control and timely preparation and initiation
of RRT is the final part of the 1% visit.

Visit 2

The next visit (or visits) is devoted to the presentation
and discussion of RRT options — TX, peritoneal dialysis
(PD) and hemodialysis (HD). Regardless of the patient’s
preferences or potential indications and contraindications
to any treatment method, all options are presented to es-
tablish the complementarity of RRT.

Visit 3

The 3" visit (and sometimes more visits) is devoted
to assessing the patient’s understanding and acquisition
of the information provided during previous meetings.
It serves to clarify doubts and to rediscuss misunderstood
problems, and offers an opportunity to learn more about
the RRT method chosen by the patient.

At the end of the education process, post-fPEP assess-
ment of CKD and RRT options knowledge evaluation are
performed, and training certificate is issued, indicating
the patient’s preferred method of RRT. Most patients con-
tinue nephrology care, but, if indicated, further steps for
preparation to the selected option are implemented.

M

Statistical analyses

Data are presented as median (interquartile range (IQR))
or frequencies and percentages for categorical variables.
Differences between study groups were tested using
the Mann—Whitney U test and Kruskal-Wallis test, and
differences in the relative frequencies were tested using
the Pearson’s x* test. A value of p < 0.05 was considered
statistically significant. Univariate and multivariable lo-
gistic regression was used to determine the association
between demographics, clinical factors, as well as factors
associated with fPEP attendance (post-fPEP knowledge
of RRT methods and personal selection), and selected and
definitive RRT modality. Four models for HD, PD and TX
selection (M1 — post-fPEP HD, PD and TX knowledge,
M2 — M1l+age and Charlson Comorbidity Index (CCI),
M3 — M2+eGFR, M4 — M3+nephrology care), and defini-
tive HD or PD treatment (M1 — post-fPEP HD, PD and TX
knowledge and personal HD or PD selection, M2 — M1+age
and CCI, M3 — M2 + eGFR, M4 — M3+nephrology care)
were assessed. The models were ranked using Akaike In-
formation Criterion (AIC). The models with lowest AIC
value were considered to have the highest support explain-
ing selection and definitive RRT modality. In Table 1 and
Table 2, we added the details of statistical analyses regard-
ing factors associated with the selection of RRT method
(Table 1) and details of statistical analysis concerning fac-
tors associated with definitive dialysis modality (Table 2).

All statistical calculations were performed using STA-
TISTICA software package v. 13 (StatSoft Polska, Krakéw,
Poland).

Table 1. Details of statistical analysis regarding factors associated with the selection of renal replacement therapy (RRT) method

HD choice
Cox-Snell Nagelkerke
—242.939 0.207 0.280 101.224 3 <0.0001 56.242 3 <0.0001 0.209 0.976
—240.896 0.215 0.290 105.310 5 <0.0001 58.142 5 <0.0001 6.449 0.597
—238.307 0.220 0.298 108487 6 <0.0001 60310 6 <0.0001 6.525 0.585
—-238.711 0222 0.300 109.680 7 <0.0001 60.677 7 <0.0001 1.592 0.991
PD choice
—231.921 0.173 0.242 82.732 3 <0.0001 26.695 3 <0.0001 5447 0.141
—226.544 0.193 0.270 93486 5 <0.0001 35.899 5 <0.0001 13.263 0.103
—217.280 0.227 0317 112014 6 <0.0001 48.571 6 <0.0001 12.352 0.136
—215.283 0.234 0.327 116.008 7 <0.0001 51171 7 <0.0001 7.362 0.498
TX choice
—145.093 0.125 0.228 58550 3 <0.0001 20.212 3 <0.001 0474 0.788
—120.868 0218 0.395 107.001 5 <0.0001 45.165 5 <0.0001 5.100 0.746
-119427 0.223 0.405 109.882 6 <0.0001 45.070 6 <0.0001 4477 0.811
-116.577 0.233 0423 115.582 7 <0.0001 48.667 7 <0.0001 4.264 0.832

df — degrees of freedom; HD — hemodialysis; PD — peritoneal dialysis; TX — kidney transplantation; M1 — Model 1 - post formalized Predialysis Education
Program (fPEP) HD, PD and TX knowledge; M2 — Model 2 — M1+age and Charlson Comorbidity Index (CCl); M3 - Model 3 — M2+estimated glomerular
filtration rate (eGFR); M4 — Model 4 — M3+nephrology care.



742 E. Wojtaszek et al. Education & renal replacement therapy modality

Table 2. Details of statistical analysis regarding factors associated with definitive dialysis modality

R? R2 Hosmer-Lemeshow test
ezl e Cox-Snell | Nagelkerke
M1 388.220 =189.110 0.347 0478 185981 | 4 | <0.0001 70.333 4 | <0.0001 5.703 0.126
M2 379.633 —182.816 0.366 0.504 198567 | 6 | <0.0001 76.870 6 | <0.0001 15480 0.054
M3 329.543 —156.771 0437 0.602 250657 7 | <00001 | 104535 @ 7 | <0.0001 4936 0.764
M4 320.164 —151.082 0452 0.622 262.036 | 8 | <0.0001 101208 | 8 | <0.0001 11.732 0.163
Definitive PD
M1 319.799 —120.202 0380 0.545 208170 3 | <0.0001 | 76699 | 3 | <0.0001 2768 0.597
M2 252405 —226.544 0474 0.679 279564 | 5 | <0.0001 85.889 5  <0.0001 1.629 0.990
M3 228116 —107.058 0.504 0.724 305.853 | 6 | <0.0001 108371 6 | <0.0001 5018 0.756
M4 228433 -106.216 0.506 0.726 307566 = 7 <00001 | 111112 = 7 | <0.0001 4191 0.833

AlC — Akaike Information Criterion; df — degrees of freedom; HD — hemodialysis; PD - peritoneal dialysis; M1 — Model 1 — post formalized Predialysis
Education Program (fPEP) HD, PD and TX knowledge; M2 — Model 2 — M1+age and Charlson Comorbidity Index (CCl); M3 — Model 3 — M2+estimated

glomerular filtration rate (eGFR); M4 — Model 4 — M3+nephrology care.

Results

Among 652 patients registered in our fPEP between Janu-
ary 2005 and December 2019, 435 met predefined inclu-
sion criteria to the present study. Demographic and clinical
characteristics of the studied group are presented in Table 3.

Based on the data collected in the “patient profile” and
discussions among the educational team members, 97 (22%)
patients were deemed not suitable for free choice of dialysis
modality. Medical contraindications to PD were revealed
in 29 (7%), social contraindications in 10 (2%) and psychologi-
cal contraindications in 58 (13%) patients. However, psycho-
logical contraindications were considered absolute only in 25
(6%) patients, when PD assisted by family was not possible.

Table 3. Demographic and clinical characteristics of the studied group
(n=435)

Absolute contraindications to TX were found in 115
(26%) patients. They resulted from high comorbidity
burden (CCI = 9). In patients with CCI < 9, contraindica-
tions or limitations to eligibility for TX were evaluated
individually.

The knowledge about kidney disease
and RRT methods

Atbaseline, 252 (58%) patients had had at least sufficient
(43% sufficient, 15% good) knowledge about kidney disease.
Only 30 (7%) fPEP participants had had at least perceived
knowledge about all RRT modalities, 248 (57%) about HD
and 104 (24%) about TX. Surprisingly, 400 (92%) of patients
had had no knowledge or even never heard about PD.

After fPEP completion, 383 (88%) participants improved
their knowledge about kidney disease and 239 (55%) pa-
tients proved to have knowledge about all RRT options;

Parameter | Value
0, 0, 0,
Age lyeard) p— 387 (89%) about HD, 326 (75%) about PD and 248 (57%)
>65 years of age, n (%) n =200 (46) about TX.
Male sex, n (%) n=231(53) . .
o Ve 6 10R -5 Finally selected RRT option
eGFR at fPEP commencement [ml/min] Me = 16107 =7 After fPEP completion, 59 (14%) of participants did
The cause of kidney disease, n (%) . .. . o .
diabetic nephropathy o ‘not‘ make a f}nal decision, whlle‘376 (86%) patients
glomerulonephritis n=115(26) indicated their preferred RRT option — 176 (40%) pa-
hypertensive/vascular n=118(27) tients HD and 140 (32%) PD, and among those who were
ntersiitislnephioRalily = (1) deemed eligible to transplantation (324), 60 patients
ADPKD n=36() 0
el n=1403) (18%) selected TX.
unknown n=16(4) Patients unable to indicate a preferred modality were
Nephrology care, n (%) n =399 (92) significantly older (69 +13 years compared to 60 +16 years,
Nephrology care >1 year, n (%) n=291(67) Mann-Whitney U test: U = 6725.5; p < 0.0001) and had
Living alone, n (%) n=105(4) higher comorbidity burden (CCI 8 +3 compared to 6 £3,
Employed, n (%) n=222(51) Mann—Whitney U test: U = 6905.5; p < 0.0001) and bet-

Me - median; IQR - interquartile range; CCl — Charlson Comorbidity Index;
eGFR - estimated glomerular filtration rate; fPEP — formalized Predialysis
Education Program; ADPKD - autosomal dominant polycystic kidney disease.

ter preserved kidney function (eGFR 22 +5 mL/min com-
pared to 17 +5 mL/min, Mann—Whitney U test: U = 4268.0;
p <0.0001). They had lesser knowledge on HD (53% compared
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Table 4. Characteristics of patients who chose their preferable renal replacement therapy (RRT) option (n = 376)

. Chose HD Chose PD Chose TX
Variable n=176 = 140 n=60 HD vs PD vs TX
Age [years] Me =67;IQR =18 Me =59;IQR =215 Me =44;1QR =19 74.21% <0.0001
Male sex (%) 59 53 42 437* 0.09
ca Me=7;IQR=4 Me =6;IQR=5 Me =2;IQR=2 76.76* <0.0001
eGFR [mL/min] Me =16;IQR =5 Me =14.5;IQR =7 Me =15.6;IQR = 4.5 6.37% <0.05
Nephrology care (%) 93 88 98 6.9* <0.05
Post-fPEP knowledge about HD (%) 91 98 98 11.25% <0.01
Post-fPEP knowledge about PD (%) 59 99 95 86.83" <0.0001
Post-fPEP knowledge about TX (%) 39 75 97 79.21% <0.0001

Me - median; IQR - interquartile range; * — Kruskal-Wallis test; ¥ — x? test; HD — hemodialysis; PD - peritoneal dialysis; TX - kidney transplantation;
CCl = Charlson Comorbidity Index; eGFR - estimated glomerular filtration rate; fPEP — formalized Predialysis Education Program.

Selection of preferred RRT modality was associated with
knowledge about this method. For HD selection, all as-
TX choice sessed models were comparable (AAIC < 2); however, for

AIC PD and TX selection, the full model (M4) reached the low-
est AIC value (Table 5). In Table 6, the full model (M4, for

Table 5. AIC ranks for models tested for likelihood of selecting specific
RRT modality

HD choice | PD choice

AIC AIC
Model 1 - post-fPEP HD, PD and

TX knowledge 493879 471843 298.187 HD, PD and TX selection is presented in details.
Model 2 - M1+age, CCI 493793 | 465089 | 253736 o .
Model 3 — M2+eGFR 492615 448.560 252.855 Deflnltlve RRT Optlon
Model 4 — M3+nephrology care 493423 446.567 249.155

During study period, 407 (94%) patients started dialysis
— 283 (70%) HD and 124 (30%) PD. Death in predialysis
period occurred in 19 (4%) cases, and 9 (2.7%) patients
received preemptive kidney transplant. Figure 1 shows
patient flow and the distribution of selected and definitive
RRT options.

The best concordance between selected and definitive
modality was noticed for HD (98%). Despite their personal
choice, 43 patients did not start PD — 9 patients died be-

AIC — Akaike Information Criterion; HD — hemodialysis; PD — peritoneal
dialysis; TX - kidney transplantation; CCl — Charlson Comorbidity Index;
eGFR - estimated glomerular filtration rate; fPEP — formalized Predialysis
Education Program; RRT — renal replacement therapy; M1 — Model 1

- post formalized Predialysis Education Program (fPEP) HD, PD and TX
knowledge; M2 — Model 2 — M1+age and Charlson Comorbidity Index
(CCI); M3 = Model 3 — M2+estimated glomerular filtration rate (eGFR);
M4 - Model 4 — M3+nephrology care.

to 89%, x* = 33.66, degrees of freedom (df) = 1; p < 0.0001),
PD (51% compared to 75%, x> = 24.76, df = 1; p < 0.0001) and
TX (26% compared to 57 %, x> = 27.35, df = 1; p < 0.0001).

In Table 4, characteristics of the patients who indicated
preferred RRT options are presented.

fore dialysis and 34 (24%) started HD. The most prevalent
reason of the discrepancy between indicated and defini-
tive modality was the deterioration of clinical condition
and losing independence — 17 (50%). Eleven (32%) patients
changed their decision, and in 6 (18%) cases Tenckhoff

Table 6. Factors associated with the selection of RRT option in multivariate logistic regression (Model 4)

Choice of HD Choice of PD Choice of TX
Variable
95% Cl 95% Cl

Age 102 | 09,105 @ 372 005 099 = 096,102 = 019 07 | 099 095102 = 029 06
cCl 095 | 08311 | 035 05 128 11,15 1047 | 0001 | 056 | 042,076 | 1433 | 00002
eGFR 096 | 09210 | 30 008 09 | 086,095 @ 1736 | <00001 105 098113 = 168 019
Nephrology care (yes) | 157 | 06836 | 1.14 03 044 | 019,099 | 391 005 | 717 | 0895749 | 344 | 006
Post-fPEP knowledge | 013 | 5078723 | 33390 | <00001 | 063 @ 00849 | 019 07 | 021 000947 @ 097 03
about HD (yes)
Post-fPEP knowledge | ) | (023.017 | 3063 | <00001 | 5517 | 89334102 | 1862 | <00001 | 183 | 037:913 | 055 05
about PD (yes)
FOSERE? ORI | e gomaes | @Al 001 247 | 13:469 | 773 | 0005 =79 @ 0966513 @ 367 005
about TX (yes)

RRT - renal replacement therapy; OR — odds ratio; 95% CI — 95% confidence interval; HD — hemodialysis; PD — peritoneal dialysis; TX — kidney transplantation;
CCl - Charlson Comorbidity Index; eGFR — estimated glomerular filtration rate; fPEP — formalized Predialysis Education Program.
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Fig. 1. Patient flow and the distribution

lﬂna.l formalized PEP of selected and definitive renal replacement
s;:g;;? n=435 therapy (RRT) options
X * no ﬁr?al
60@15%')\ selection
' | 59(14%)

(20%)
definitive PD
n =124(30%)

definitive HD
n =283 (70%)

death before RRT

started dialysisn = 407 (94%)

*pts eligible to TX

PEP Predialysis Education Program
HD hemodialysis

PD peritoneal dialysis

TX kidney transplantation

Death X
8 9
(42%) (15%)
preemptive
X
n =19 (4%) n=9(2.7%)

Table 7. Patient characteristics according to definitive dialysis method (n = 407)

Variable De;m=|t|2\;3e3HD

Age [years] Me =63;I0R=18
Male sex (%) 54
cd Me=7;IQR=5
eGFR Me=17;IQR=7
Nephrology care (%) 94
Post-fPEP knowledge about HD (%) 87
Post-fPEP knowledge about PD (%) 66
Post-fPEP knowledge about TX (%) 46
Selected RRT modality (%)

HD 61

PD 12

X 9

Definitive PD
n=124
Me = 52;IQR =25 9081* <0.0001
50 0.75% 0.5
Me=4;1QR=4 10389.5% <0.0001
Me=13;1QR=5 8698* <0.0001
89 15.5# 0.06
98 310.84" <0.001
100 260.22* <0.0001
82 193.06* <0.0001
2
78 319.67* <0.0001
20

Me - median; QR - interquartile range; * — Mann-Whitney U test; * — x* test; HD — hemodialysis; PD — peritoneal dialysis; TX — kidney transplantation; CCl — Charlson
Comorbidity Index; eGFR — estimated glomerular filtration rate; fPEP — formalized Predialysis Education Program; RRT - renal replacement therapy.

catheter implantation was abandoned due to extensive
intraperitoneal adhesions.

During the study period, 51 (85%) patients who indicated
TX as their preferred modality had to start dialysis therapy;
however, 28 (47%) of them were placed on transplant list
before dialysis. More often, the patients started PD (60%).
The characteristics of the patients who finally started
therapy on PD and HD are presented in Table 7.

The initiation of PD and HD therapy was strongly associ-
ated with the choice and knowledge about the modality;
however, PD knowledge decreased the probability of HD
initiation. The model including all assessed parameters
reached the lowest AIC value for prediction of definitive di-
alysis modality (Table 8). The details are presented in Table 9.

Table 8. AIC ranks for models tested for likelihood of definitive RRT
modality

Definitive | Definitive

HD PD

Model 1 - post-fPEP HD, PD and TX

knowledge and personal HD or PD selection 388220 319.799
Model 2 — M1+age, CCl 379.633 252.405
Model 3 — M2+eGFR 329.543 228116
Model 4 — M3+nephrology care 320.164 228433

AIC — Akaike Information Criterion; RRT - renal replacement therapy;

HD - hemodialysis; PD — peritoneal dialysis; TX — kidney transplantation;
CCl - Charlson Comorbidity Index; eGFR — estimated glomerular filtration
rate; fPEP — formalized Predialysis Education Program.
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Table 9. Factors associated with definitive dialysis modality in multivariate logistic regression (Model 4)

e Definitive HD Definitive PD

95% Cl Wald stat p-value OR 95% Cl Wald stat p-value
Age 1.03 1.0;1.07 4.22 0.04 0.93 0.89; 0.96 10.63 <0.0001
cc 0.86 0.71;1.03 2.68 0.1 0.94 0.77;1.14 2.33 0.5
eGFR 1.24 1.16;1.33 4217 <0.0001 0.82 0.75;0.89 35.28 <0.0001
Nephrology care 6.19 2.07;18.58 10.61 0.001 0.49 0.20; 1.23 227 0.1
Selected HD (yes) 54.03 19.37; 150.65 58.15 <0.0001 = = = =
Selected PD (yes) - - - - 74.82 30.73;182.13 90.37 <0.0001
Post-fPEP knowledge about HD (yes) 10.72 1.11;103.73 419 0.04 3.18 0.69; 14.71 2.19 0.1
Post-fPEP knowledge about PD (yes) 0.07 0.008; 0.58 6.04 0.01 55.65 6.63;226.12 67.20 <0.0001
Post-fPEP knowledge about TX (yes) 0.77 0.34;1.76 037 0.5 252 1.28;4.96 715 0.007

OR - odds ratio; 95% Cl — 95% confidence interval; HD — hemodialysis; PD — peritoneal dialysis; TX — kidney transplantation; CCl — Charlson Comorbidity
Index; eGFR — estimated glomerular filtration rate; fPEP — formalized Predialysis Education Program.

Discussion

In this single-center study, we present the results of
the implementation of fPEP in the population of Polish
patients with CKD and its influence on selected and de-
finitive RRT method.

Potential contraindications to specified RRT options
or perceived mental limitations were not restrictive for
the referral to education. In fact, it is quite common not
to offer PD to obese patients and to patients with a history
of surgical abdomen procedures or with polycystic kidney
disease, not to offer HD if the problem with vascular access
is anticipated, and to not discuss RRT options when some
mental limitations are perceived. These contraindications
or limitations are often unjustified, and regardless of them
patients have the right to obtain comprehensive informa-
tion and make an informed decision.

In our study, despite long-term nephrology care, 42%
patients had no knowledge about kidney disease. Only 8%
knew about PD and only 7% had at least perceived knowl-
edge about all methods. Our results stand out significantly
from the literature data.>®? In our study, nephrology care
was associated with the knowledge about kidney disease
and HD, but not PD and TX.

Most of the patients proved to be receptive to the psy-
cho-educational intervention we used. Post-fPEP assess-
ment revealed that 89% patients had knowledge about HD,
75% about PD, 57% about TX, and 55% about all RRT op-
tions. It seems comparable to previous data; however, more
often, the impact of educational intervention on the choice
or receipt of RRT method was assessed.>~10-13 Knowledge
on a given method not necessarily must mean its choice.
It is an essential factor in making a personal, informed
decision and adjusting a treatment option to the patient’s
needs and expectations, making patients willing to learn
more about the preferred method. However, one should be
aware that in treatment decision-making, CKD patients
very often do not use objective knowledge, but rather are
guided by their feelings, beliefs, the possibility of family

support, or the impact of the treatment on their quality
of life.1+15

In our study, elderly patients with higher comorbidity
burden proved to be less susceptible to educational inter-
vention. One possible explanation for this association may
be cognitive impairment due to vascular or Alzheimer’s
disease; however, it is worth remembering that after the age
of 65, even without additional pathologies, the cognitive
functions in terms of information processing, memory
and understanding abstraction deteriorate. Therefore,
the method, rapidity and perhaps the scope of education
should be tailored to these limited perception capabili-
ties. In the authors’ opinion, for all patients in question,
one-to-one sessions may be the optimal method of educa-
tion. Sensitive and tactful communication, motivational
interviewing to engage the patient to change behaviors,
and providing well-balanced, unbiased information are
considered key factors for successful education. Repeat-
ing the most important information and making sure that
the discussed issues have been understood by the patient,
as well as positive feedback from the patients about what
they have learned can ensure that they received the most
as possible comprehensive information necessary for
shared decision-making.?16%7

The distribution between selected dialysis methods
in our study was almost equal — 40% patients chose HD
and 32% chose PD, which is in line with previous stud-
ies.5~710-13 Nevertheless, such distribution can be associ-
ated with additional factors that extend beyond patient
choice, including patient characteristics, healthcare sys-
tem, reimbursement policy, provider factors such as “home
dialysis first” policy, or clinician behavior.

In our cohort, 22% of patients have been considered
not suitable for free personal choice of dialysis modal-
ity, which is similar to previous data.!*!81% Medical and
psychological (or both) contraindications for the choice
of PD were the most common. In general, old age and high
comorbidity burden are perceived as contraindications
to PD and those patients are less likely to receive PD, even
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though they have decreased mortality risk on PD.2° How-
ever, quite a large group of elderly patients consciously
chose HD because of concerns about the lack of support,
being a burden on the family and social isolation. It ap-
pears to be, in a certain sense, an expression of a wider
problem of shortcomings in healthcare systems and social
care in many countries in the face of an aging popula-
tion. In some countries, the use of assisted PD has been
suggested to increase the probability of the choice and
the prevalence of PD.2!22

The knowledge about PD was strongly associated with
PD selection, while reducing the likelihood of HD choice.
It was also reported in previous studies and a meta-analysis
by Devoe et al.>6:1019.23

Our study encompassed patients who, at the end
of the follow-up, had established outcome (initiation of di-
alysis, TX or death). During the study period, 94% of fPEP
participants began dialysis — 70% of patients started HD
and 30% started PD. It is in sharp contrast to the Polish
and international ESRD statistics, where PD incidence and
prevalence is well below these values.?*-2

Patient flow analysis revealed that 98% patients who
selected HD started HD, and 69% who indicated PD
as preferred option finally started PD. Generally, this
is in concordance with the data from previous educational
studies.®101113:19.27-29 Ty fact, in our study, 1/3 of patients
who had selected PD have not started the treatment — 6%
died before dialysis commencement and 24% eventu-
ally began HD treatment, predominantly due to dete-
rioration in clinical condition and loss of independence
(50%). One-third of fPEP participants with final PD se-
lection had changed their mind before the dialysis began.
Atleast in part, the deterioration in their clinical condition
or a change in family or social circumstances may be asso-
ciated with the re-evaluation of the decision. Nevertheless,
timing of modality education, regular follow-up, repeat-
ing education when needed, and support may be essential
to support the decision.!%”1? In our study, patients who
initiated PD have had lower eGFR at the time of education,
thus the period between selecting and starting dialysis
was certainly shorter. Seventy eight percent of patients
who ultimately started PD chose PD as preferred option,
while 20% had to start dialysis despite final TX selection.
Patients who chose PD were significantly younger and had
lower comorbidity burden; however, the most important
factors associated with initiation of PD were PD knowledge
and final PD selection, but not CCIL.

Final HD selection was strongly associated with initia-
tion of HD, and 60% of patients started HD in accordance
with their choice. The 2"! most populous group commenc-
ing HD were those who have been unable to indicate pre-
ferred RRT option during the education process. They
were significantly older, had higher commordity burden
and presented the weakest response to the educational in-
tervention compared to other groups of patients. It is pos-
sible that older patients have fear or no interest in being

E. Wojtaszek et al. Education & renal replacement therapy modality

an active part of the decision-making process, and prefer
to transfer responsibility for medical decision to the doc-
tor or family.!*!53% To overcome these barriers, the fol-
lowing solutions may be effective: allowing more time for
the patient to reach a decision, involve family members
in the education process or arrange contact with other
patients. Nevertheless, in these patients, optimal prepara-
tion and elective dialysis start is perceived as the benefit
of predialysis education.®?®

We assumed that, according to recommendations, all
patients with advanced kidney disease should be informed
about the possibility of TX."3! For the purpose of fPEP,
we assumed that patients with CCI > 9 (26%) had absolute
contraindications to TX, and we decided not to discuss
this option during the education process. In some patients,
when relative contraindications or limited eligibility to TX
had been established, individual consultations regarding
suitability for transplantation have been provided.

At baseline, % of fPEP participants had had the knowl-
edge about TX, which is comparable to the reports from
other patient populations.®° Participation in fPEP resulted
in doubling the number of patients with TX knowledge, and
60 (18%) patients indicated TX as preferred RRT option.

During the follow-up, 2.7% of patients received preemp-
tive TX, while 8.6% of patients were placed on transplant
waiting list before dialysis initiation. Our results appear
to be worse than Poltransplant data; however, it should
be emphasized that the single-center nature of our study
may limit the value of the comparison with nationwide
data.®? Regardless of this, our data seem to confirm
the evidence that predialysis education attendance in-
creases the probability of placement on transplant wait-
ing list before dialysis initiation” and preemptive TX.*33

The RRT modality decision-making is a complex process
requiring an appropriate and individualized educational
process. Identification and acknowledgement of emotions
should be a first step in building effective communica-
tion and education to ensure that patients received knowl-
edge appropriate for shared decision-making. Therefore,
the emotional support and creation of an atmosphere
of mutual trust between the patient and the educational
team was one of the essential elements of our program;
however, the evaluation of this factor on fPEP results is im-
possible. Our study also supports the opinion that there
is no single education curriculum that can be applied to all
CKD patients, and thus education must be flexible and
tailored to each patient.

Limitations

We are aware of the limitations of our study, being
a single-center and observational study. However, this
single-center character allowed for the implementation
of consistent approach to education and shared decision-
making, and exclusion of bias connected with center and
educational team characteristics. The 2"¢ limitation was
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the lack of control group; however, we assessed the in-
fluence of formalized Predialysis Education Program
on the chosen RRT modality in relation to the pre-edu-
cation period. In a real-life scenario, the standard group
of patients such as described in this study is under ne-
phrology care, and sometimes even not under nephrology
care, and the patients have no opportunity for any educa-
tion regarding RRT modality. Due to lack of choice, these
patients cannot serve as controls to the group who was
offered predialysis education. Therefore, as in the educa-
tional studies, we chose to compare the knowledge of RRT
options and chosen and definitive modality at the start
of RRT treatment.

Nevertheless, it would be desirable to evaluate the ef-
fectiveness of fPEP in the entire population of Polish CKD
patients transitioning from conservative care to RRT.
The implementation of this educational intervention may
be beneficial not only to patients but also to the whole
healthcare system. However, we are fully aware that
the legacy of the pandemic includes all the shortcom-
ings of telemedicine, lack of access to specialists and lots
of “crash-landers” (patients with late referral for dialysis)
coming to dialysis units. Thus, all the educational pro-
grams were either suspended or limited and this situa-
tion has been affecting the choice or rather lack of choice
of RRT modality for patients with advanced stages of CKD.

Conclusions

The implementation of fPEP improves patients’ knowl-
edge and willingness to shared decision-making. This
results in a balanced choice between PD and HD, and in-
creases the incidence of PD and likely access to TX. It would
be valuable to evaluate in randomized trials or large ob-
servational studies the influence of specific educational
process elements, and the contribution of patient-specific
factors to its effectiveness.
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Abstract

Background. The role of interprofessional collaboration (IPC) in healthcare s increasingly emphasized. Due
to significant comorbidity in renal patients who require highly specialized procedures, proper IPCis an essential
componentin renal care. During the coronavirus disease 2019 (COVID-19) pandemic, the existing and proven
collaboration mechanisms were put to the test.

Objectives. To assess IPCin the renal care settings in the era of COVID-19 pandemic.

Materials and methods. The survey consisted of the Assessment of Interprofessional Team Collaboration
Scale Il (AITCS-I1) (3 subscales — partnership, cooperation and coordination, maximum of 5 points), questions
about work conditions and factors influencing work during the pandemic, as well as demographic data.
The survey was distributed in 8 renal care settings (4 hospital wards with dialysis units and 4 individual
dialysis units); 127 participants filled out the survey; 26.8% of participants were physicians, 68.5% nurses
and 4.7% other staff members, i.e., administrative assistants. Mean work experience in their current team
was 16.8 +11.7 years among nurses and 11.6 +9.7 years among physicians.

Results. Interprofessional collaboration was assessed by physicians and nurses, respectively, as follows:
partnership 4.03 +0.79 compared to 3.58 +0.73 (p=0.003), cooperation 4.28 +0.59 compared to 3.71 +0.72
(p = 0.0002), and coordination 3.83 £0.87 compared to 348 +0.82 (p = 0.04). The specific workplace
did not influence the IPC rates; 49.9% of physicians and 40.1% of nurses agreed or strongly agreed that
the collaboration worsened during the pandemic; 47% of physicians and 42.4% of nurses admitted that
the communication has significantly deteriorated. An increased level of stress, new procedures and fear
of getting infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) were, according
to the participants, the most significant factors for the worsening of IPC.

Conclusions. The exceptional circumstances faced during the pandemic have a significant impact on IPC,
which may influence patients’ satisfaction and safety. An active support for healthcare teams in the field
of IPCis especially important in this challenging reality.

Key words: COVID-19, interprofessional collaboration, nephrology, renal care
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Background

In recent years, many studies have shown the key role
of interprofessional collaboration (IPC) in healthcare and
its impact on work processes and patients’ safety.! The IPC
has become an important factor in well-functioning medi-
cal teams.? The collaboration among healthcare profession-
als, regardless of medical domain, is essential in creating
asynergy to provide efficient, safe and high-quality patient
care.> Multifunctional teams tend to be more productive
and innovative in coping with risk assessment and manage-
ment. It has been proven that IPC may lead to improved
healthcare systems and outcomes.* Good practice of IPC
has been associated with improved health outcomes, in-
cluding decreased mortality rate.> Consequently, more and
more emphasis is placed on interprofessional education
(IPE), which leads to medical students valuing the need
of proper IPC.®

In the study by Tonelli et al., the complexity of pa-
tients seen by different medical specialists was assessed
and compared using 9 factors of complexity including
the number of comorbidities, presence of mental ill-
ness, number of types of physicians involved in each
patient’s care, number of physicians involved in each
patient’s care, number of prescribed medications, num-
ber of emergency department visits, rate of death, rate
of hospitalization, and rate of placement in a long-term
care facility.” It was concluded that nephrologists deal
with the most complex patients, as compared to 12 other
specialties. Obviously, the complexity of renal patients
affects all healthcare professionals taking care of this
group of patients.

The significant complexity of patients with kidney dis-
eases and the need to provide care to patients who need
highly specialized medical procedures require an appro-
priate collaboration between medical and nursing staff
as well as other healthcare professionals.

Taking into account the abovementioned factors, the col-
laboration in nephrology is addressed more and more often
in the scientific reports. For instance, a feasible strategy
of the use of electronic collaboration tool such as Slack
(Slack Technologies, San Francisco, USA), which facili-
tates real-time conversational communication in a private
or semiprivate virtual workspace, was described recently.®
Fulton et al. developed and evaluated an interprofessional
palliative care and geriatrics curriculum for nephrology
teams, concluding that IPC may result in improved man-
agement of patients with chronic kidney disease (CKD)
or end-stage kidney disease.’ A qualitative analysis of IPC
between nephrologists and intensive care unit (ICU) prac-
titioners revealed significant difficulties stemming from
discordant preferences about the aggressiveness of renal
replacement therapy, based on different understanding
of physiology, goals of care and acuity.!

While the coronavirus disease 2019 (COVID-19) pan-
demic has overrun the world with numerous cases and
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deaths, it has also challenged the healthcare systems, put-
ting the existing guidelines and solutions to test.! It is sug-
gested that many of these challenges can be addressed
by placing a greater emphasis on the use of IPE to underpin
and support effective collaborative working.!? As it was
indicated by Goldman and Xyrichis, studying IPC during
the COVID-19 pandemic is an important goal for health
services research in the months and years to come, both
to reinforce the current response and prepare for future
challenges.!?

Objectives

Bearing in mind the complexity of nephrology patients,
the new challenges posed by the pandemic and the need
to study work-related challenges in the COVID-19 era,
we decided to conduct research in order to assess IPC
in nephrology facilities in the era of the severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) pandemic.

Participants and methods
Study survey and design

A 41-item study survey comprised the Assessment of In-
terprofessional Team Collaboration Scale IT (AITCS-II)!*1°
and a section of self-created questions about working dur-
ing the COVID-19 pandemic.

The AITCS-II is a validated tool that consists of 3 sub-
scales: (1) partnership — 8 items; (2) cooperation — 8 items;
and (3) coordination — 7 items. Each item is rated
on a 5-point Likert scale where: 1 — never; 2 — rarely;
3 — occasionally; 4 — most of the time; and 5 — always. Sub-
scale scores were calculated by averaging the mean values
of all 3 subscale items, whereas the total score was deter-
mined by taking an average of all 3 subscales. The survey
was translated into by the researchers with the consent
of the authors of the survey.

The questionnaire was preceded by demographic data
collection, which included additional specifications associ-
ated with our research:

— job specification (for physicians) — a registrar; a resi-
dent; a specialist; other;

- unit of employment — clinical nephrology ward; di-
alysis center; both;

- prevalent unit of employment (for employees working
in both type of units);

- weekly work time;

- holiday leave — complete; partial; neither;

- work experience in years;

— team experience in current place of employment.

The 2™ part of the questionnaire consisted of 3 parts.
In the 1% one, the participants were asked to assess
the change in the collaboration and working conditions
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during the SARS-CoV-2 pandemic on a 1-5 Likert-type
scale. In the 2" part, they were provided with 9 possible
explanations for the change in the working conditions and
were asked to choose the factors they found most crucial
in creating the differences. In the last, non-obligatory sec-
tion, the participants were invited to provide their own
opinions and concerns regarding the pandemic and IPC
in the COVID-19 era.

Surveys were collected from January 14 to May 6, 2021,
across 4 hospital nephrology wards integrated with dialysis
units and 4 individual dialysis units located in 1 province
(voivodeship) in Central Poland.

The study protocol was approved by the local ethics
committee of Medical University of Lodz (approval No.
RNN/30/12/KE of January 12, 2021).

Study group

The study group comprised 127 participants, includ-
ing 87 nurses, 34 physicians and 6 participants who also
completed the survey and were the representatives of other
professions — e.g., administrative personnel. The char-
acteristics of the study group are provided in Table 1.
The participants were approached directly and provided
with printed copies of the questionnaire, which were col-
lected upon completion.

Statistical analyses
Due to a greatly limited number of other types of profes-
sionals represented in the study group, only the answers

of nurses and physicians (n = 121) were analyzed statisti-
cally. Statistical analysis was performed using Statistica

Table 1. The study group characteristics
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v. 13.1 PL software (StatSoft Inc., Tulsa, USA). Graphs were
plotted with the use of Microsoft Excel Office 365 (Mi-
crosoft Corp., Redmond, USA). The normality of the dis-
tribution of the continuous variables was assessed with
Shapiro—Wilk test. Mann—Whitney U test was used for
comparisons between 2 independent groups. Nonpara-
metric comparisons of more than 2 groups were performed
with Kruskal-Wallis test. Nonparametric correlations were
assessed with Spearman’s method. Pearson’s x? test was
used for comparisons of categorical data. There was 1.2%
of missing data in AITCS-II items. More missing data
occurred in the demographic part of the survey, where
pairwise deletion was performed. To determine internal
consistency reliability, Cronbach’s alpha was calculated for
each subscale of the AITCS-II. It amounted to 0.91, 0.94
and 0.93 for partnership, cooperation and coordination,
respectively.

Results

The results of the AITCS-II for nurses and physicians are
provided in Table 2. No statistically significant differences
(p > 0.05) in AITCS-II and its subscale scores were found
between nurses working mostly in dialysis and hospital set-
tings; also, no statistically significant differences were found
between physicians, as presented in Table 3. No statistically
significant correlations between partnership, collabora-
tion and coordination rates and age as well as the length
of professional experience (overall and in the current team)
in nurses and doctors were found; these correlations are
provided in Table 4. Also, no statistically significant dif-
ferences in AITCS-II overall score were found with regard

Characteristic
Females, n (%)
Males, n (%)
Age [years], mean £SD

Length of experience in the current team [years], mean £5D

In-patient hospital settings, n (%)
Dialysis units, n (%)

Both units, n (%)

Nurses (n = 87)

87 (100) 22 (64.7) 6 (100)
0(0) 12(35.3) 0(0)
49.7 £9.7 445 +13.2 49.7 £5.1
168 £11.7 11.6 £9.7 11.3£88
Place of work
9(10.5) 6(17.6) 1(16.7)
60 (69.8) 11(324) 5(833
17(19.7) 17 (50) 0(0)

Physicians (n = 34)

Other professions (n = 6)

SD - standard deviation.

Table 2. Mean score of Assessment of Interprofessional Team Collaboration Scale Il (AITCS-1) and its subscales in nurses and physicians

AITCS-Il and subscales scores

Nurses

Physicians

p-value*

AITCS-Il overall (mean £SD) 3.59 +0.66 406 +0.7 0.00182
Partnership (mean +SD) 3.58+0.73 4.03 £0.79 0.0034°
Cooperation (mean +SD) 3.71+0.72 4.28 +0.59 0.0002¢
Coordination (mean +SD) 348 +0.82 3.83 +£0.87 0.0406¢

*Mann-Whitney U test; U values: ? — 939.5; ° — 971.0; € - 823.5; ¢ - 1124.0. SD - standard deviation.
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Table 3. Mean score of Assessment of Interprofessional Team Collaboration Scale Il (AITCS-II) and its subscales in nurses and physicians working mostly

in hospital settings and dialysis units

AITCS-1l and subscales scores | Hospital settings | Dialysis units | p-value*
Nurses
AITCS-Il overall (mean +SD) 3.51+0.54 361 +0.69 0.5791
Partnership (mean +SD) 3.55+0.48 3.59+0.77 0.6267
Cooperation (mean +SD) 3.63 +0.81 3.73£0.72 0.7788
Coordination (mean +SD) 3.32+0.55 3.51+0.86 0.3302
Physicians
AITCS-Il overall (mean £SD) 4.05+0.73 4.07 £0.68 0.9293
Partnership (mean +SD) 4.08 £0.78 3.97 +£0.83 0.6696
Cooperation (mean £SD) 424 +0.67 435 +047 0.9286
Coordination (mean £SD) 3.8+0.83 3.89 +0.96 0.7223

*Mann-Whitney U test. SD — standard deviation.

Table 4. Correlation coefficients () and p-values of Spearman’s correlations between Assessment of Interprofessional Team Collaboration Scale Il (AITCS-II)
subscale scores and age and length of professional experience in nurses and physicians

Overall length of professional

experience

Length of professional experience
in the current team

Partnership score r=-0.004, p=09732
r=0.161,p=0.146

r=0.065p=0.56

Cooperation score
Coordination score
Partnership score r=-0.156, p = 0.3869
r=0.132, p = 0465
r=0.147,p=04142

Cooperation score

Coordination score

Nurses
r=-0031,p=0.7861
r=0.142,p = 0.2057
r=0.037,p=0.7437
Physicians
r=-0.174,p =0.3249
r=0.093, p=0.5998
r=0.122,p=04929

r=-0.204,p=0074
r=0.155p=0.1763
r=-0.029,p=07972

r=-0248,p=0.1643
r=-0.032, p=0.8595
r=-0.036, p =0.8441

to weekly worktime (p = 0.7752, Kruskal-Wallis test) and
the use of the holiday leave (p = 0.1917, Kruskal-Wallis test).

Briefly, 49.9% of physicians and 40.1% of nurses agreed
or strongly agreed that IPC worsened during the pandemic;
47% of physicians and 42.4% of nurses stated that the com-
munication between these 2 groups has significantly de-
teriorated in the COVID-19 era; 44.8% of nurses agreed
or strongly agreed that since the outbreak of the pandemic,
they could have relied only on themselves, while only 17.7%
of physicians stated so (x? = 7.25, df = 1, p = 0.0071).

The factors regarded by nurses and physicians as cru-
cial in creating the differences in the IPC during the pan-
demic are provided in Fig. 1. An increased level of stress,
the rapid change of procedures at the time of pandemic
and fear of SARS-CoV-2 infection were considered to be
most important.

Nine participants (7%) expressed their additional opin-
ions and concerns regarding the interprofessional col-
laboration in the COVID-19 era. The quotes are provided
in Table 5. Participants pointed out the lesser amount
of time spent with patients due to the new procedures,
physical and psychological exhaustion of the staff
members, and insufficient reimbursement at the time
of pandemic.

Discussion

Our results indicate that IPC in the COVID-19 era
is an important challenge, as the self-assessed percep-
tions of both collaboration and communication reported
by nurses and physicians significantly worsened. The ex-
ceptional circumstances faced in the time of pandemic
have an impact on IPC in healthcare, which may influence
patients’ satisfaction and safety, and thus, IPC should be
addressed and improved.

What is important, physicians rated IPC in all ATICS-II
subscales significantly higher than nurses in our study
population. Previous literature regarding IPC also showed
the varied approaches of physicians and nurses to doc-
tor—nurse cooperation.'® Our findings are consistent with
the research conducted by Carney et al. proving that phy-
sicians rate IPC higher than the nursing staff.!” Possible
reasons of this phenomenon may comprise the differ-
ences in education, role expectations, gender distribution,
and approach to practice.!® It was proven that nurses are
trained to communicate more holistically, using the “story”
of the patient, while physicians tend to communicate us-
ing the “headlines”!® According to Tang et al.,?° the fac-
tors affecting physician—nurse collaboration include
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Elevated level of stress 79% —

Change of procedures and necessity of getting used to new m—%%l

Fear of SARS-CoV-2 infection w

Keeping a larger distance between staff members and patients _%>W|
Difficulties in receiving reliable information from patients about _m_l
their health condition 53%

Fewer staff members in the ward q

Enforced quarantine _%m
Performing COVID-19 swabs 9%
Working in a shift system % Enurses Ophysicians
0% 20% 40% 60% 80% 100%

Fig. 1. Factors influencing the quality of interprofessional collaboration during the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic

COVID-19 - coronavirus disease 2019.

Table 5. Participants reflections on factors influencing interprofessional collaboration in renal care settings during the pandemic

Participant

Female, physician,
33 years old

Female, physician,
37 years old

Female, physician,
32 years old

Female, nurse,
24 years old

Female, physician,
26 years old

Female, nurse,
50 years old

Female, nurse,
60 years old

Female, nurse,
50 years old

Female, physician,
58 years old

Quotation - factors influencing interprofessional collaboration in renal care settings during the pandemic

Extending the time needed to prepare for the patient visit and the use of PPE, while necessary, extends also the time from

the call for help from the patient to the moment when the patient receives it. It has a negative impact on our work; it's both
stressful for the doctors/nurses and dangerous for the patients. Extending the duration of the procedures due to the use of PPE
comes at the price of time allocated to COVID-negative patients and has a negative influence on the teamwork.

My assessment is that the cooperation in the doctors'teams is better than the cooperation between doctors and nurses.
| would say that there are some individuals who damage the general reputation.

The negative influence — patient and personnel isolation, lack of possibility to exchange opinions easily. The PPE greatly limits
the nonverbal communication (the face masks require “screaming”instead of a conversation, inability to observe lip movement
makes it more difficult for patients with advanced age or sickness to understand). The positive influence — the increase

in adherence to sanitary procedures, more frequent hand sanitization, PPE usage.

Increase of physical and psychological exhaustion due to the sanitary procedures, protective clothing, the number

of obligations, limited time. Working with COVID-positive patients is more labor-consuming and requires more time, which
is already in shortage, as well as physical strength. It is often that you work with COVID patients alone in order to limit

the contact and it is obvious that you cannot do everything single-handedly, and if you do, it comes at the price of health
deterioration.

Problematic access to the patient increases the unease in their families and distrust of the doctors and healing process,

the diagnosis and quality of care for the patient. The patients themselves feel alienated, detached from their close ones, scared,
all of which exacerbate the prognosis. Because of the necessity to wear the protective coverall, the doctor—patient contact

is superficial - the physicians limit themselves to necessary procedures, and the patients focus more on the coverall than

the person wearing it, which makes them scared.

No increase in salary to make up for the difficult conditions results in a negative impact on eagerness and work commitment.

Lack of appropriate payment for working in such difficult pandemic conditions, with COVID-positive patients. Also, lack of any
kind word in tough times, no interest or support.

No cooperation with the ward management staff.

Lack of possibility to transfer COVID-positive patients to dialysis stations; employees on sick leave.

PPE - personal protective equipment; COVID — coronavirus disease.

communication, respect and trust, unequal power, un-
derstanding professional roles, and task prioritizing.

On the other hand, some reports showed that nurses
have a more positive attitude towards IPC than physi-
cians. Physicians viewed physician—nurse collaboration

as less important than nurses, but rated the quality of col-
laboration higher than nurses.?’ As reported by Mah-
boube et al., nurses, compared to physicians, showed
a more positive attitude toward shared education and
teamwork, caring as opposed to curing and physicians’
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dominance.?! The experiences gathered during the CO-
VID-19 pandemic and their impact on IPC are a new
and, to the knowledge of researchers, unexplored aspect
of renal patient care.

The reflections on the work-related experiences and per-
ceptions of renal healthcare team members on the front
lines of the COVID-19 pandemic were presented by Zerbi
et al.22 This editorial, in which free statements on work
during the pandemic were shared by 3 nurses, 2 nurse’s
aides and 1 psychologist, gave only a narrative insight into
the situation and provided no quantitative data on working
environment in these extraordinary circumstances. The im-
portance of cooperation between nurses during the crisis
and the significance of shared experiences for strengthening
mutual understanding were emphasized by the participants.

When it comes to dealing with the pandemic crisis,
an interesting initiative was the creation of the mobilizer
team in one of academic medical center in the USA.?
The mobilizer team consisted of clinical and operational
administrative leaders and its task was to provide a 24-
hour support to the front line teams. It gave various spe-
cialists a chance to work together, sometimes for the first
time. Subsequently, it created partnerships between these
specialists and provided an opportunity for the develop-
ment of IPC in the healthcare system. The situations such
as pandemic show that mechanisms and procedures aim-
ing to manage a team in a crisis are greatly needed and
should be constantly improved and developed. It also in-
dicates a huge need to introduce and evolve IPE programs,
taking into account current global challenges.

Limitations

Limitations of our study include the assessment of per-
ceptions rather than staff behavior or patient outcomes;
the latter would give another perspective on actual IPC
practice. Results were gathered only from voluntary re-
spondents. The data were gathered in 1 province in 1 coun-
try, so the generalizability of our results across other
countries and regions all around the globe is limited, and
the cultural aspects as well as healthcare organization
may bias the potential comparisons. Also, no comparison
with the pre-pandemic situation was possible due to lack
of assessment of IPC using similar study design. However,
to the best of our knowledge, our research is the first report
on work-related perceptions focused on IPC of renal care
practitioners during the COVID-19 pandemic and cor-
responds with the need for further research in this area.

Conclusions

We found that partnership, cooperation and coor-
dination are perceived as significantly worse by nurses
than physicians. The IPC worsened significantly during
the pandemic both according to physicians and nurses.

E. Pawtowicz-Szlarska et al. Interprofessional collaboration in the COVID-19 era

The communication between nurses and physicians also
deteriorated. The factors which may influence IPC practice
in face of the pandemic challenge included an increased
level of stress, rapid changes of the procedures and fear
of SARS-CoV-2 infection. Our data suggest that an active
support for renal care teams in the field of collaboration,
partnership, cooperation, and coordination is especially
important in this challenging reality.
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Abstract

Background. Patients with kidney disease suffer from high cardiovascular risk due to classic and disease-
specific risk factors. Arterial stiffness is a novel cardiovascular risk factor whose role is yet to be established.
High-resolution echo-tracking is a developing method for the assessment of local arterial stiffness.

Objectives. To assess carotid stiffness in patients on long-term hemodialysis (HD) using high-resolution
echo-tracking and to analyze the impact of arterial stiffness on mortality in the mid-term follow-up.

Materials and methods. Fifty-eight HD patients (28 female (F), 30 male (M)) underwent clinical examina-
tion, laboratory tests and carotid stiffness assessment. Local arterial stiffness parameters such as beta stiffness
index (), Young's modulus (Ep), arterial compliance (AC), and one-point pulse wave velocity (PWVp) were
measured both before and after HD, allowing to calculate their change (4). The survival of patients was ana-
lyzed up to 48 months. The multivariate analysis of survival with the use of Cox proportional hazard stepwise
regression was performed to determine the factors significantly correlated with the survival.

Results. After 48 months, 33 patients were alive (16 F, 17 M) and 25 patients (12 F, 13 M) died. The deceased
group was significantly older (66.5 +12.3 years compared to 56.6 178 years), had more pronounced coronary
artery disease (percutaneous coronary intervention (PCl) 36% compared to 9%, p < 0.05, respectively).
Deceased patients had significantly higher AAC than survivors. The results showed that age, history of P,
left ventricular ejection fraction (LVEF), AAC, fasting glucose, serum total protein, sodium level after HD, and
potassium level before HD were significantly associated with mortality.

Conclusions. Echo-tracking-based arterial stiffness assessment in patients with chronic kidney disease
(CKD) yields the clinical information regarding mid-term mortality risk. A paradoxical increase in ACis among
independent risk factors for mid-term mortality in patients undergoing maintenance HD. The proper esti-
mation of the correlations among vascular, hemodynamic and sympathetic-dependent changes in a given
patient with kidney failure is complex.

Key words: hemodialysis, chronic kidney disease, arterial stiffness, mortality, echo-tracking
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Background

Cardiovascular diseases are the leading cause of death
in patients with chronic kidney disease (CKD).! These pa-
tients suffer from high cardiovascular risk due to traditional
and disease-specific risk factors. Arterial stiffness has been
proven to be independently associated with a higher global
risk of death in patients suffering from CKD.? The mea-
surement of local arterial stiffness in CKD patients may
be of particular value due to the limitations of classic di-
agnostic methods in this group of patients,>* such as elec-
trocardiographic exercise test or stress echocardiography.®
These patients are less likely to have the classic symptoms
of myocardial ischemia, hence the need to look for new tools
to improve clinical evaluation. Damage to the kidneys also
limits the possibility of using tests with contrast media
— coronary angiography and computed tomography.? In this
group of patients, the diagnostic value of laboratory expo-
nents of cardiovascular function, such as N-terminal pro
B-type natriuretic peptide (NT-proBNP) or cardiac troponin,
is also lower.>” Chronic kidney disease is affecting 10-16%
of the world population.8-1° As glomerular filtration rate
(GFR) decreases, the likelihood of hypertension increases.!!
People with CKD are also characterized by an increased ten-
dency to develop advanced atherosclerotic lesions.'? It should
be emphasized that the presence of classic cardiovascular
risk factors such as diabetes, hypertension, nicotinism, and
dyslipidemia does not sufficiently explain the clear increase
in the risk of cardiovascular death in patients with CKD.*10

Stiffness is one of the properties of arteries resulting
from the vessel wall structure, in particular from the ratio
of collagen to elastic fibers.!>!* Left ventricular contraction
causes an ejection of a certain volume of blood into the sys-
temic circulation. The appearance of additional blood vol-
ume in the ascending aorta causes its distension, which
is possible due to its high elasticity. This distension is then
transferred to the distal parts of the arterial system, form-
ing a pulse wave. The pulse wave, reaching the resistance
vessels, is reflected due to the increase in the stiffness of ar-
teries. The reflected wave returns to the ascending aorta
in diastole, supporting coronary perfusion. The final shape
of the pulse wave is therefore a result of a progressive wave
and reflected wave. The increase in the stiffness of arter-
ies, particularly in the aorta, leads to a shorter distance
between the heart and the place where the reflected wave
is formed, as well as to an increase in pulse wave speed.
This causes many adverse effects on the cardiovascular
system. The resulting reduction in diastolic blood pressure
impairs coronary perfusion. At the same time, high cen-
tral blood pressure leads to an increase in left ventricular
afterload in the pressure overload mechanism. Therefore,
an increase in arterial stiffness is a part of the develop-
ment of hypertension, ischemic heart disease and heart
failure.!>1® Both aging and diseases such as essential hy-
pertension, diabetes and CKD contribute to the increase
in arterial stiffness.}”*
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High-resolution echo-tracking is a direct and noninva-
sive method of the evaluation of local arterial stiffness.
It is obtained by ultrasound examination at one point
of the arterial system, usually at the site of the common
carotid artery. According to experts from the European So-
ciety of Cardiology (ESC), it is recognized that methods for
measuring local arterial stiffness, such as high-resolution
echo-tracking, are useful in pathophysiology and therapy
studies.!® In recent years, the interest in using high-resolu-
tion echo-tracking in patients with CKD has increased.?’->?
There is growing evidence that carotid stiffness assessment
may contribute to a better risk stratification of CKD pa-
tients. Studies have shown that carotid stiffness parameters
obtained with high-resolution echo-tracking may be used
in prediction of all-cause mortality in patients with kidney
failure treated with hemodialysis (HD).%

Objectives

The aim of the study was to assess local arterial stiffness
parameters in patients undergoing maintenance HD and re-
late these parameters to mortality in the mid-term follow-up.

Materials and methods
Study design and participants

This was a prospective cohort study. The analysis was
performed in 58 patients (28 women and 30 men) with
kidney failure treated with HD at Dialysis Center in De-
partment of Nephrology and Transplantation Medicine
(Wroclaw Medical University, Wroclaw, Poland). Hemo-
dialysis sessions were conducted 3 times a week for 4 h
per session. The study group was formed in 2015 and
patients were observed until 2019. The patients included
in the study were free of active infection. We excluded
patients with persistent or permanent atrial fibrillation,
history of malignancy and diseases requiring immunosup-
pressive treatment.

All patients were treated with erythropoietin and intra-
venous iron supplementation according to standards. Beta-
blockers, angiotensin converting enzyme (ACE) inhibitors,
angiotensin receptor blockers (ARBs), calcium channel
blockers, and alpha blockers were used in the treatment
of hypertension. All patients were dialyzed using a native
arteriovenous fistula.

The study was approved by Institutional Ethics Commit-
tee of the Wroclaw Medical University, Poland.

Variables and data sources
In all subjects, data on cardiovascular morbidity and

causes of kidney failure were collected. Clinical data of pa-
tients were extracted from the hospital records.
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At the study onset, the following factors were analyzed:
baseline characteristics, duration of dialysis, adequacy
of dialysis (Kt/V), body mass index (BMI), and laboratory
parameters. Blood samples were collected prior to the ini-
tiation of HD session. Routine laboratory tests were mea-
sured in the Central Hospital Laboratory, University Hos-
pital in Wroctaw, Poland, as a part of the standard care.

Heart rate, blood pressure measurements and carotid
elasticity with echo-tracking technique were investi-
gated at the study onset, before and after a single mid-
week HD session. All patients underwent transthoracic
echocardiogram.

Assessment of local arterial stiffness

Images were obtained with an Aloka Alpha 6 ultraso-
nograph (Aloka Co., Ltd., Tokyo, Japan) equipped with
an integrated and automated Doppler and high-resolution
echo-tracking system using a linear probe. Patients were
examined in supine position 15 min before the start of HD
and 15 min after the end of HD. A clear ultrasonographic
visualization of both anterior and posterior wall of the com-
mon carotid artery opposite to the arteriovenous fistula was
taken 1-2 cm below bifurcation in the longitudinal axis.
Consequently, after establishing the intima-media com-
plex, the echo-tracking samples were positioned at the end
of intima, with an 1 kHz sampling rate for continuous de-
tection of movement of the arterial wall. Thus, a graphical
representation of change in the diameter of the artery was
recorded as a waveform. Three to five evolutions were re-
corded to obtain a representative waveform.

To calculate local arterial stiffness parameters, it is nec-
essary to register high-resolution echo-tracking, heart
cycle and blood pressure. Heart cycle was recorded us-
ing standard electrocardiographic limb leads I, IT and III.
Blood pressure was measured over the brachial artery op-
posite the arteriovenous fistula in supine position, directly
before the ultrasonographic examination.

As a result, the following parameters were calculated:

— P —betastiffness index — ratio of the natural algorithm
of systolic/diastolic blood pressure to the relative change
in diameter:

B = In (Ps/Pd)/[(Ds - Dd)/Dd]

where: In — the natural logarithm, Ps — systolic blood pres-
sure, Pd — diastolic blood pressure, Ds — diameter of the ar-
tery in systole, Dd — diameter of the artery in diastole;

— Ep — epsilon, Young’s modulus:

Ep = (Ps — Pd)/[(Ds — Dd)/Dd]

— AC - arterial compliance, calculated from the arterial
cross-section and blood pressure:
AC = i(DsxDs — DdxDd)/[4x(Ps — Pd)]

— PWVp - one-point pulse wave velocity, derived from
the time delay between the 2 consecutive waveforms
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representing the diastole of the artery, with the use of beta
stiffness index:

PWVp = V(BxPd/2xr)

where: p — beta stiffness index, Pd — diastolic blood pres-
sure, r — blood density (1.050 kg/m?3).

The change (A) in carotid stiffness parameters was
calculated as follows: Ap = B after HD — [ before HD;
AEp = Ep after HD — Ep before HD; AAC = AC after HD
— AC before HD; APWV = PWVp after HD — PWVf
before HD.

Statistical analyses

Statistical analyses were performed using STATISTICA
v. 12 (TIBCO Software, Palo Alto, USA). Continuous variables
were checked for the distribution using the Shapiro—Wilk
W test and if the value of p was < 0.05, the assumption for
normality was discarded. The Shapiro—Wilk W test showed
normal distribution for the following variables: age, adequacy
of HD, ultrafiltration during HD session, BMI, all echocardio-
graphic parameters, echo tracking parameters except for Ep
after HD, all blood pressure and heart rate parameters, and
laboratory parameters except for fasting glucose, C-reactive
protein (CRP) and high-density lipoprotein (HDL) choles-
terol. Continuous variables with normal distribution were
presented as means and standard deviations (SDs), and com-
pared according to the survival groups (deceased compared
to alive) with Student’s t-test. Continuous variables without
normal distribution were presented as medians and inter-
quartile ranges (IQRs) and compared using Mann—Whit-
ney U test. Discrete variables were presented as counts and
percentages, and compared using x? test. The comparison
of the investigated parameters between the deceased patients
depending on the causes of death (non-cardiovascular com-
pared to cardiovascular mortality) was performed separately.

The multivariate survival analysis with the use of Cox pro-
portional hazard stepwise regression was performed based
on a model in which the dependent variable was the survival
time since the inclusion in the study, while independent
variables incorporated in the analysis were characteristics
which differed in the one-way analysis with a significance
of p < 0.15 between the 2 evaluated groups (survivors and
non-survivors), or were relevant from the clinical point
of view. In case of highly correlated variables such as heart
rate before HD and heart rate after HD, serum total pro-
tein and serum total albumin, history of coronary artery
disease and history of percutaneous coronary intervention
(PCI), AC after HD and change in the arterial compliance
(AAC), the more statistically significant variable was chosen.
The following variables were considered for multivariate
analysis: age, hypertension, history of PCI, left ventricular
ejection fraction (LVEF), AAC, heart rate after HD, hemoglo-
bin, serum total protein, fasting glucose, CRP, low-density li-
poprotein (LDL) cholesterol, urea after HD, creatinine before
HD, sodium level after HD, and potassium level before HD.
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The survival analysis using Cox proportional hazard re-
gression analysis was performed with the Cox proportional
hazard analysis module. In the assumptions of the model,
the reliability of Efron was selected, and models were cre-
ated taking into account all effects and using the forward
method. Then, Cox regression assumptions were assessed
by analyzing Martingale-based residuals for survival mod-
els and Schoenfeld residuals over time, visually assessing
a plot of the residuals compared to time. The correlation
of residuals and time was examined using the Spearman’s
correlation. In case of finding a variable that violates
the assumptions of the Cox proportional hazard regres-
sion, the variable was excluded from the model.

Receive operating characteristic (ROC) analysis was per-
formed to find the cutoff point of echo-tracking param-
eters which differ between survivors and non-survivors.
The Kaplan—Meier curve was constructed and the log-rank
test was performed to present the survival in the groups
of patients chosen on the basis of the founded cutoff points,
as described above.

The multiple stepwise regression analysis was performed
to find the association between echo-tracking parameters
and age, gender, diabetes, and the presence of cardiovascu-
lar complications assessed as at least one of the following:
previous myocardial infarction, stroke, history of coronary
artery bypass graft surgery, or PCI. The variance inflation
factor was assessed as the diagonal elements of the in-
verse correlation matrix. The Durbin—Watson test was
performed to examine the autocorrelation of the residuals.

The results were considered statistically significant when
the p-value was < 0.05.

Results

Clinical characteristics of the investigated patients
at study onset are presented in Table 1.

Thirty-three patients from the initial cohort of 58
(56.89%) survived the whole 48-month observation pe-
riod. Of the non-survivors, 11 patients (44%) died of car-
diovascular diseases and 14 patients (56%) died of non-
cardiovascular causes. The comparison of the investigated
parameters between deceased and surviving patients
is depicted in Table 2—4. The comparison of the investi-
gated parameters between deceased patients depending
on the causes (non-cardiovascular compared to cardiovas-
cular mortality) is depicted in Table 5-7. The predictors
of the overall mortality among the studied patients using
Cox proportional hazards model are depicted in Table 8.

Based on the data obtained in the study, we created a mul-
tivariate analysis of survival with the use of Cox propor-
tional hazard stepwise regression. The dependent variable
was the survival of the whole 48-month observation pe-
riod. Independent variables were: age, hypertension, his-
tory of PCI, LVEF, AAC, heart rate after HD, hemoglobin,
fasting glucose, serum total protein, CRP, LDL cholesterol,
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urea after HD, creatinine before HD, sodium level after
HD, and potassium level before HD. The stepwise forward
model showed that factors which significantly correlated
with survival were: age, history of PCI, LVEF, AAC, fasting
glucose, serum total protein, sodium level after HD, and
potassium level before HD.

In Fig. 1, a plot of Martingale-based residuals compared
to survival time was depicted. In Table 9, the Spearman’s
correlation between Schoenfeld residuals of the model and
survival time was shown.

The ROC curve analysis was performed to find the cutoff
point between patients who survived the 48-month ob-
servation period and the deceased. In the Fig. 2, the ROC
curve analysis for the AAC in survivors and non-survivors
was presented. The cutoff point aimed at differentiating
the groups was —0.06 mm?/kPa. The area under curve
was 0.71; 95% confidence interval (95% CI): [0.56; 0.85];
p = 0.005.

In Fig. 3, the crude Kaplan—Meier survival curves for
the difference in survival regarding AAC for patients with
AAC > -0.06 and AAC < -0.06 are presented. Patients
with AAC > -0.06 have worse outcome than patients with
AAC < -0.06. We assessed the significant cutoff point
of survival as —0.06 mm?/kPa.

The stepwise multivariate regression analysis revealed
that age was only associated with B after HD, with Ep after
HD and with PWVp after HD. However, gender, diabetes

Table 1. Clinical characteristics of the investigated patients at study onset

Age [years], mean (SD) 60.9 (+16.3)
Male gender, n (%) 30(51.7)
Duration of HD therapy [months], median (IQR) 39 (13.7-85.4)
Adequacy of dialysis [Kt/V], mean (SD) 1.39 (+0.34)
Hypertension, n (%) 43 (74.1)
Diabetes mellitus, n (%) 22 (379
BMI [kg/m?], mean (SD) 25.9 (+5.4)
The cause of kidney failure
Chronic glomerular disease, n (%) 18 (31)
Diabetic nephropathy, n (%) 5(8.6)
Polycystic kidney disease, n (%) 5(8.6)
Interstitial nephropathy, n (%) 7(12.1)
Hypertensive nephropathy, n (%) 18 (31)
Other, n (%) 5(8.6)
Cardiovascular morbidity
Coronary artery disease, n (%) 25 (43.1)
Myocardial infarction, n (%) 9(15.5)
PCl, n (%) 12 (20.7)
CABG, n (%) 5 (8.6)
Stroke, n (%) 10(17.2)

SD - standard deviation; IQR — interquartile range; BMI — body mass index;
PCl - percutaneous coronary intervention; CABG — coronary artery bypass
graft; HD — hemodialysis.
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Table 2. Comparison of the investigated parameters between deceased
and surviving patients with kidney failure treated with HD — basic
characteristics

Deceased | Surviving
n=25 n=33

66.5 (£123)  56.6(x17.8)  0.021"

Variables

p-value

Age [years], mean (SD)

Male gender, n (%) 13(52) 17 (51.5) 0.971
Duration of HD therapy [months], 46.9 33 0236
median (IQR) (21-112.4) (12-85) ’

Adequacy of HD [Kt/V], mean (SD) 1.5(x0.3) 1.4 (£04) 0.293t
Ultrafiltration during HD session 1792.0 16924 0659
[mL], mean (SD) (+£922.4) (+786.4) ’

Hypertension, n (%) 20 (80) 23 (69.7) 0375
Diabetes mellitus, n (%) 12 (48) 10(30.3) 0.169

BMI [kg/m?], mean (SD) 252 (x6.1) | 264 (+48) | 0410

The cause of kidney failure

Chronic glomerular disease, n (%) 6 (24) 12 (36.4) 0314
Diabetic nephropathy, n (%) 3(12) 2(6.1) 0.745
Polycystic kidney disease, n (%) 0(0) 5(15.2) 0.118
Interstitial nephropathy, n (%) 4(16) 3(9.1) 0.694
Hypertensive nephropathy, n (%) 10 (40) 8(24.2) 0.199
Other, n (%) 2(8) 39.1) 0.745

Cardiovascular morbidity

Coronary artery disease, n (%) 14 (56) 11(33.3) 0.084
Myocardial infarction, n (%) 6 (24) 3(9.1) 0.235
PCl, n (%) 9 (36) 30.1) 0.029
CABG, n (%) 3(12) 2(6.) 0.745
Stroke, n (%) 4(16) 6(18.2) 0.894

- variables compared using Student’s t-test; ¥ — variables compared
using Mann-Whitney U test; other variables were compared using x° test;
SD - standard deviation; HD — hemodialysis; IOR — interquartile range;
BMI — body mass index; PCl — percutaneous coronary intervention;

CABG - coronary artery bypass graft.

and the presence of cardiovascular complications were not
related to any parameters of arterial stiffness. The results
of the stepwise multiple regression analyses were presented
in Table 10-12.

Discussion

In the present study, we observed that the change in AC
correlates with mid-term survival in patients undergoing
maintenance HD. The AC is a parameter proportional
to change in cross-sectional area of the artery, and inversely
proportional to the change in blood pressure. In general
population, the higher the AC, the more elastic the artery
is. Previous studies have shown that the decrease in pulse
pressure — which is a basic surrogate of arterial stiffness
— after HD is connected with a longer survival of patients
undergoing maintenance HD.?® In contrary, the results
of our study show that subjects with AAC equal or higher
than —0.06 mm?/kPa had shorter survival time in the mid-
term follow-up than patients with AAC below the cutoff
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Table 3. Comparison of the investigated parameters between deceased
and surviving patients with kidney failure treated with HD - cardiological
and vascular assessment

Deceased Surviving

Variables n=25 n=33

p-value

Echocardiographic features

LVESd [mm], mean (SD) 35.0 (£7.3) 329 (+7.7) 0311
LVEDd [mm], mean (SD) 536 (+7.3) 52.1 (+6.9) 0.420
LA diameter [mm], mean (SD) 426 (+6.9) 415 (+6.2) 0.517
Aortic diameter [mm], mean (SD) = 33.6 (+4.8) 32.3(+49) 0352
IVSd [mm], mean (SD) 13.8 (+2.2) 13.2 (£2.3) 0.339
PWd [mm], mean (SD) 12.1 (£1.9) 11.5(£14) 0.175
LVEF [%], mean (SD) 51.1(£11.6) | 57.5(x9.1) 0.022

Echo-tracking parameters

B before HD, mean (SD) 8.2 (£3.5) 8.7 (£4.5) 0.674

B after HD, mean (SD) 74 (£3.0) 8.1 (+3.8) 0.494

AR, mean (SD) —14(£3.6) -14(£3.6) 0.665
1174 117.8

Ep [kPa] before HD, mean (SD) (+£58.5) (+63.3) 0.979

Ep [kPa] after HD, mean (IQR) 9.0 945 0.920¢

(72.0-129.5) | (72.0-126.5)
AEp [kPa], mean (SD) —210(*545) | —7.5(£52.8) = 0376

AC [mm?/kPa] before HD,
mean (SD)

AC [mm?/kPa] after HD,
mean (SD)

AAC [mm?/kPa], mean (SD)

0.87 (x0.34) | 0.78(x0.33) | 0333

1.04 (£042) 076 (+0.31) = 0.007

0.22 (+0.29) | 0.00 (+0.28) | <0.001

PWV3 [m/s] before HD, mean (SD) 6.1 (+1.5) 6.1 (+1.5) 0.854
PWVR [m/s] after HD, mean (SD) 5.7 (£1.1) 6.0 (+1.4) 0.502
APWVB [m/s], mean (SD) —-0.2 (£1.3) —-04 (£1.3) 0.545

Blood pressure and heart rate

SBP before HD [mm Hg], 144.8 1383 0320
mean (SD) (+£22.6) (+24.1) ’
SBP after HD [mm Hg], 1333 1343 0887
mean (SD) (+21.0) (+28.0) ’
DBP before HD [mm Hg],

R 736 (£11.4) @ 749 (+164) 0.762

DBP after HD [mm Hg], mean (SD) | 74.8 (+13.7) | 74.6 (+13.9) 0.949
Heart rate before HD, mean (SD) = 78.2 (£14.6) = 73.1 (£12.8) 0.066

Heart rate after HD, mean (SD) 81.0(£139) | 73.6(x£14.6) 0.066

Y — variables compared using Mann-Whitney U test; other variables
were compared using Student's t-test; LVESd - left ventricular end-
systolic diameter; LVEDd - left ventricular end-diastolic diameter;

— left atrium; IVSd - intraventricular septum thickness in diastole;
PWd - posterior wall thickness in diastole; LVEF — left ventricular ejection
fraction; SD — standard deviation; HD — hemodialysis; IQR — interquartile
range; 3 — beta stiffness index; Ep — epsilon; AC — arterial compliance;
PWVP - one-point pulse wave velocity; SBP — systolic blood pressure;
DBP — diastolic blood pressure.

point. The Kaplan—Meier survival curves drifted apart af-
ter 600 days. Furthermore, the lone value of AC after HD
was also correlated with worse outcome — survivors were
characterized by a significantly lower AC after HD than
deceased patients. We have not observed such correlation
in AC before HD or for any other of the calculated carotid
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Table 4. Comparison of the investigated parameters between deceased
and surviving patients with kidney failure treated with HD - laboratory
parameters

Surviving

n=25 n=33

Deceased ‘

Variables ‘

Hemoglobin [g/dL],

R 10.1 (1.9) 111 (4.7) 0.068

Serum total protein

[g/dL], mean (SD) 6.7 (+0.7) 6.3 (+0.8) 0.068

Serum albumin [g/dL],

- 3.6 (0.4) 3.8 (+0.5) 0.096

Fasting glucose [mg/dL], 114.0 103.0 0230

mean (IQR) (91.0-168.0) (90.0-131.0) ’
10.7 55

CRP [mg/L], mean (IQR) (39-283) (34-106) 0.045Y

Uric acid [mg/dL],

mean (SD) 6.0 (+1.3) 6.4 (+1.6) 0.315

Total cholesterol mg/dl), | 1775 1451y | 1656 +421) | 0366

mean (SD)

HDL cholesterol [mg/dL], 40.0 420 06204

mean (IQR) (34.0-46.9) (36.0-50.0) '

LDL cholesterol [mg/dLl],

- 102.0 (+42.3) 86.6 (£33.9) 0.131

Triglycerides [mg/dL],

mean (SD) 189.6 (£143.3) 1989 (£131.5) 0.800

Urea before HDImo/dl), | 114 81982) | 1236(+204) | 0256

mean (SD)

Urea after HD [mg/dL],

mean (SD) 346 (£13.1) 40.7 (£17.3) 0.149

Creatinine before HD

[mg/dL], mean (SD) 7.0 (£2.4) 8.0 (23) 0.073

Creatinine after HD

[mg/dL], mean (SD) 30(+1.3) 33(+1.3) 0.238

Na* before HD [mmol/L],

- 136.8 (+3.3) 137.7 (£2.1) 0.246

Na* after HD [mmol/L],

mean (SD) 136.5 (£1.3) 1372 (£1.6) 0.057

K* before HD [mmol/L],

e (60 49 (x0.7) 53 (%0.7) 0.040

K*+ after HD [mmol/L],

mean (SD) 40 (x04) 40 (x0.3) 0.756

Y — variables compared using Mann-Whitney U test; other variables were
compared using Student’s t-test; HD — hemodialysis; CRP — G-reactive
protein; HDL — high-density lipoprotein; LDL — low-density lipoprotein;
SD - standard deviation; IQR - interquartile range.

stiffness parameters. We hypothesize that in the group
of patients with kidney failure, the pathophysiological pro-
cess and degeneration of the arterial wall are so advanced
that in most severe cases, the arteries lose ability to reduce
inner diameter after dehydration during HD. This particu-
lar phenomenon may predict worse outcome.

There is some evidence stating that among patients with
kidney failure treated with HD, a U-curve relationship
between change in arterial stiffness and survival may oc-
cur. In one study, Lertdumrongluk et al. found that modest
decline in pulse pressure, rather than either large reduction
or rise in pulse pressure, is associated with the greatest
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Table 5. The comparison of the investigated parameters between
deceased patients with kidney failure treated with HD depending
on the causes (non-CV compared to CV mortality) — basic characteristics

Deceased non- | Deceased
CV mortality | CV-mortality | p-value
n=14 n=11

Variables

Age [years], mean (SD) 65.0 (£13.5) 684 (£10.9) 0.508"
Male gender, n (%) 7 (50.0) 6 (54.6) 0.859
Duration of HD therapy 51.9 40.8 0,978
[months], median (IQR) (20.1-68.3) (21.3-114.2)
/:qde‘;?]“é% Of HD (KWV], 14(x03) 1504) | 0620
Ultrafiltration during HD 1742.9 1854.5 0771t
session [mL], mean (SD) (+989.7) (+872.2) ’
Hypertension, n (%) 11 (78.6) 9(81.8) 0.763
Diabetes mellitus, n (%) 8(57.1) 4(36.4) 0.529
BMI [kg/m?], mean (SD) 243 (£5.7) 26.3 (£6.5) 0429

The cause of kidney failure

Chronic glomerular

disease, n (%) 3(214) 3(27.3) 0.895
Diabetic nephropathy,

n (%) 2(143) 1.1) 0.823
Polycystic kidney disease,

n (%) 0(0) 0(0) 1.000
Interstitial nephropathy, 2(143) 2(182) 0775
n (%)

Hypertensive

nephropathy, n (%) 6 (42.9) 4(36.4) 0.742
Other, n (%) 1(7.1) 1(9.1) 0.573

Cardiovascular morbidity

Coronary artery disease,

n (%) 9 (64.3) 5 (45.6) 0.592
Myocardial infarction, n (%) 4(28.6) 2(18.2) 0.895
PCl, n (%) 7 (50) 2(182) 0.220
CABG, n (%) 2(143) 1090 0.823
Stroke, n (%) 2(14.3) 2(18.1) 0.775

' variables compared using Student'’s t-test; ¥ — variables compared
using Mann-Whitney U test; other variables were compared using x° test;
HD - hemodialysis; CV — cardiovascular; PCl — percutaneous coronary
intervention; CABG — coronary artery bypass graft; SD - standard
deviation; IOR - interquartile range; BMI — body mass index.

survival.2* This result may correspond with our findings,
leading to a concept in which a potential significant de-
crease in arterial stiffness would correlate with a worse
outcome.

In our study, we used high-resolution echo-tracking
as a source of stiffness data. This method has already been
used in studies on arterial stiffness in patients undergoing
maintenance HD; however, only several of them focused
on the role of carotid stiffness as a predictor of mortal-
ity in this group. Sato et al. found a correlation between
high B and a higher risk of all-cause mortality in a 4-year
follow up.?! Another study on  has shown a predictive
value of carotid stiffness on cardiovascular mortality inde-
pendent of arterial thickness.?? Blacher et al. investigated
a potential role of the common carotid artery incremental
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Table 6. The comparison of the investigated parameters between
deceased patients with kidney failure treated with HD depending

on the causes (non-CV compared to CV mortality) — cardiological and
vascular assessment

Deceased non- | Deceased
CV mortality | CV-mortality | p-value
n=14 n=11

Variables

Echocardiographic features

LVESd [mm], mean (SD) 352 (£7.3) 346 (+7.7) 0.848
LVEDd [mm], mean (SD) 52.8 (£6.5) 54.5 (+8.3) 0.580
LA diameter [mm],

rmean (SD) 439 (+7.9) 41.1 (£5.5) 0.328
Aortic diameter [mm],

mean (SD) 35.1 (+4.9) 31.8 (+4.4) 0.102
IVSd [mm], mean (SD) 13.7 (£2.6) 138 (£1.8) 0.892
PWd [mm], mean (SD) 12.2 (£2.3) 12.0 (£1.3) 0.771
LVEF [%)], mean (SD) 509 (+11.0) 514 (+12.9) 0.930

Echo-tracking parameters

{3 before HD, mean (SD) 7.4 (£3.2) 9.1 (£3.8) 0.244

B after HD, mean (SD) 8.0 (+3.5) 6.6 (+1.9) 0.283

AB, mean (SD) 0.3 (+3.3) -2.7(£34) 0.053

Ep [kPa] before HD,

e () 104.8 (£47.8) 131.2 (£67.8) 0.289

Ep [kPa] after HD,

mean (SD) 104.4 (+44.9) 92.0 (+30.6) 0457

AEp [kPa], mean (SD) —2.6 (+44.2) —43.0 (£59.7) 0.083
2

AC [mm?/kPa] before HD, 087 (+032) | 087(x038) | 0986

mean (SD)

AC [mm?2/kPa] after HD,

i G 1.04 (£0.47) 1.03 (£0.37) 0.962

AAC [mm?/kPa], mean (SD) 0.27 (£0.27) 0.16 (+0.31) 0.388

PWV [m/s] before HD,

R 5.8 (+1.5) 6.4 (+1.6) 0.401

PWVB [m/s] after HD,

rmean (SD) 57 (+1.2) 5.7 (+0.9) 0.968

APWVR [m/s], mean (SD) -0.1(%1.2) —-0.8 (x£14) 0222

Blood pressure and heart rate

SBP before HD [mm Hg],

Jin— 144.2 (£24.8) 145.5 (£21.1) 0.895
SBP after HD [mm Hg, 1335 (£205) | 133.0(+289) | 0960
mean (SD)

DBP before HD [mm Hg],

— 755 (£13.3) 718 (+9.3) 0.466
DBP after HD [mm Hg],

mean (SD) 71.2(£13.9) 79.5 (+12.6) 0.155
Heart rate before HD,

- 83.6 (£13.0) 712 (£14.7) 0.031
Heart rate after HD,

rmean (SD) 83.1 (+£13.7) 783 (£14.3) 0425

variables were compared using Student’s t-test; CV — cardiovascular;
LVESd - left ventricular end-systolic diameter; LVEDd - left ventricular
end-diastolic diameter; LA - left atrium; IVSd - intraventricular septum
thickness in diastole; PWd - posterior wall thickness in diastole; LVEF — left
ventricular ejection fraction; HD — hemodialysis; 3 — beta stiffness index;
Ep - epsilon; AC - arterial compliance; PWV{ — one-point pulse wave
velocity; SBP - systolic blood pressure; DBP - diastolic blood pressure;

SD - standard deviation.

Table 7. The comparison of the investigated parameters between
deceased patients with kidney failure treated with HD depending
on the causes (hon-CV compared to CV mortality) — laboratory
parameters

Deceased non- | Deceased
CV mortality | CV-mortality | p-value
n=14 n=11

Variables

Hemoglobin [g/dL],

s G 9.6 (+1.6) 10.7 (x2.1) 0.156
Serum total protein [g/dL],

mean (SD) 6.6 (+0.7) 6.8 (+0.7) 0515
Serum albumin [g/dL],

e (E0) 3.5 (+0.5) 3.6 (+0.3) 0.773
Fasting glucose [mg/dL],

mean (SD) 145.1 (£61.9) 141.6 (£99.1) 0915
CRP [mg/L], mean (SD) 16.0 (£18.2) 31.8 (+48.0) 0.267
Uric acid [mg/dL],

mean (SD) 59 (+1.3) 6.1 (+1.2) 0.699
Total cholesterol [mg/dL], 1757 (£66.6) 1792 «39.1) | 0880
mean (SD)

HDL cholesterol Img/dU, | 1 5 (4134 | 405@127) | 0657
mean (SD)

LDL cholesterol [mg/dLl],

- 97.9 (+51.0) 107.2 (£29.4) 0.595
Triglycerides [mg/dL], 169.4 2155 0595
mean (SD) (£113.7) (£176.6) '
NP/ el; 1180 (4229) | 1106 (£344) 0528
mean (SD)

Urea after HD [mg/dL],

mean (SD) 36.2 (£12.6) 32.5(+£14.0) 0497
Creatinine before HD

[mg/dL], mean (SD) 6.9 (+2.3) 7.0 (£2.1) 0.871
Creatinine after HD

[mg/dL], mean (SD) 30(x1.3) 29(+1.3) 0.934
Na* before HD [mmol/L],

- 136.6 (2.9) 137.1 (£3.8) 0.740
Na* after HD [mmol/L],

mean (SD) 136.5 (£1.3) 136.5 (£1.3) 0.933
K* before HD [mmol/L],

e (D) 4.8 (x0.7) 5.0 (£0.50 0.505
K*+ after HD [mmol/L],

mean (SD) 4.0 (x0.5) 40 (x04) 0.980

variables were compared using Student’s t-test; CV — cardiovascular;
HD - hemodialysis; CRP — Creactive protein; HDL — high-density
lipoprotein; LDL — low-density lipoprotein; SD — standard deviation.

modulus of elasticity (E;,.), showing that E;,. is an inde-
pendent predictor of both cardiovascular and all-cause
mortality in patients with kidney failure treated with HD.?
In contrary to these studies, we explored a wider spectrum
of carotid stiffness parameters directly before and after HD.
To the best of our knowledge, there are no studies exploring
the potential predictive value of change in these particular
arterial stiffness parameters during a single HD session.
Apart from the findings considering arterial stiffness,
our study has shown the association between the cardio-
logical burden and survival of patients with kidney fail-
ure. Deceased patients had lower LVEF and more often
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Table 8. Predictors of overall mortality among patients with kidney failure treated with HD using Cox proportional hazards model

Full model Multivariate adjusted HR
Variables
HR (95% Cl) HR (95% Cl) p-value
1.184 1.129
Age [years] [1.054;1.331] 0004 [1.054; 1.209] 200
77.697 11123
= [5.900; 1023.153] 0.001 [2.245;55.114] 0.003
1.110 1.079
0
LVEF [%] [0.995; 1.238] 0061 [1.007;1.157] gl
4687.865 221957 <0.001
2
BAC [mm*/kPa) [20.887; 1,052,157.000] 0002 [11.250; 4379.027]
: 0.990 0.989
Fasting glucose [mg/dL] [0.980; 1.000] 0.027 [0.981: 0.998] 0.013
) 5513 5521
Serum total protein [g/dL] [1.581:19.228] 0.007 2218 13.744] <0.001
0.365 0430
"
Na* after HD [mmol/L] [0.163: 0.816] 0.014 [0.243: 0.762] 0.004
0.166 0.142
"
K* before HD [mmol/L] 0023;1213] 0.077 [0041:0.487] 0.002
. 0.387
Hypertension 0.059; 2.549] 0.324 N/A N/A
Heart rate after HD 1012 0.623 N/A N/A
[0.965; 1.062] ’
’ 0.646
Hemoglobin [g/dL] 0438; 0.953] 0.027 N/A N/A
1.026
CRP [mg/L] (0.998; 1.054] 0.065 N/A N/A
LDL cholesterol [mg/dL] 1029 0.013 N/A N/A
9 [1.006; 1.053] '
0.968
Urea after HD [mg/dL] [09716; 1.062] 0.250 N/A N/A
Creatinine before HD [mg/dL] 0997 0.986 N/A N/A
9 [0683; 1.454] :

R?=0.84; HR - hazard ratio; 95% CI - 95% confidence interval; PCl — percutaneous coronary intervention; LVEF — left ventricular ejection fraction;
AC - arterial compliance; HD — hemodialysis; CRP — Greactive protein; LDL — low-density lipoprotein; N/A — not applicable.
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Table 9. Spearman’s correlations between Schoenfeld residuals and survival

Schoenfeld residual | R Spearman | p-value

Schoenfeld residual for LVEF 0.12 0.599
Schoenfeld residual for Na* after HD 0.16 0497
Schoenfeld residual for K* before HD 0.13 0.583
Schoenfeld residual for serum total protein -040 0.069
Schoenfeld residual for PCI —-0.14 0.531
Schoenfeld residual for age 0.04 0.857
Schoenfeld residual for fasting glucose -0.23 0319
Schoenfeld residual for AAC 0.26 0.251

LVEF - left ventricular ejection fraction; HD — hemodialysis;
PCl - percutaneous coronary intervention; AC — arterial compliance.

had a history of PCI, which are the results of heart failure
and coronary artery disease (CAD), respectively. Also,
the deceased patients were characterized by a lower se-
rum potassium level, which may be related to a higher risk
of tachyarrhythmias.

The assessment of hemodynamic changes in patients
with kidney failure is not a simple task. It should be taken
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Table 10. Stepwise multiple regression analysis for the association between a dependent variable 3 and age, gender, diabetes, and the presence of CV
complications (at least one of the following: previous Ml, stroke, CABG, PCl) in patients with kidney failure treated with HD

Variable

SE BETA

Age 036 0.13

0.07 0.03 <0.007

R?=0.13; adjusted R? = 0.11; p < 0.007. Age was not associated with the remaining echo-tracking parameters. Gender, diabetes and the presence of CV
complications were not associated with echo-tracking parameters. Variance inflation factor was less than 2 for all analyses, and the Durbin-Watson test
was between 2.4 and 2.5. SE - standard error; BETA - standardized regression coefficients; b — raw regression coefficients; R? — coefficient of determination;
adjusted R? - adjusted coefficient of determination; B - beta stiffness index; HD — hemodialysis; CV - cardiovascular; PCl — percutaneous coronary

intervention; CABG — coronary artery bypass graft; Ml — myocardial infarction.

Table 11. Stepwise multiple regression analysis for the association between a dependent variable Ep and age, gender, diabetes, and the presence of CV
complications (at least one of the following: previous MI, stroke, CABG, PCl) in patients with kidney failure treated with HD

Variable

SE BETA

Age 042 0.12

132 0.39 <0.002

R?=0.17; adjusted R? = 0.16; p < 0.002. Age was not associated with the remaining echo-tracking parameters. Gender, diabetes and the presence of CV
complications were not associated with echo-tracking parameters. Variance inflation factor was less than 2 for all analyses, and the Durbin-Watson test
was between 2.4 and 2.5. SE - standard error; BETA - standardized regression coefficients; b — raw regression coefficients; R? — coefficient of determination;
adjusted R? - adjusted coefficient of determination; Ep — epsilon; HD — hemodialysis; CV - cardiovascular; PCl - percutaneous coronary intervention;

CABG - coronary artery bypass graft; Ml - myocardial infarction.

Table 12. Stepwise multiple regression analysis for the association between a dependent variable PWV{ and age, gender, diabetes, and the presence of CV
complications (at least one of the following: previous M, stroke, CABG, PCl) in patients with kidney failure treated with HD

Variable | BETA | SE BETA
| Age 036 0.13

b | SEb |
003 001 <0.006 \

p-value

R? =0.13; adjusted R? = 0.12; p < 0.006. Age was not associated with the remaining echo-tracking parameters. Gender, diabetes and the presence of CV
complications were not associated with echo-tracking parameters. Variance inflation factor was less than 2 for all analyses, and the Durbin-Watson test
was between 2.4 and 2.5. SE - standard error; BETA - standardized regression coefficients; b — raw regression coefficients; R? - coefficient of determination;
adjusted R? — adjusted coefficient of determination; PWV — one-point pulse wave velocity; HD — hemodialysis; CV — cardiovascular; PCl — percutaneous
coronary intervention; CABG — coronary artery bypass graft; Ml — myocardial infarction.

into account, that changes in stiffness parameters during
HD may indicate both pathological changes in the vessels
themselves and unfavorable processes in the autonomic sys-
tem. Some blood pressure changes are provoked by higher
fluid or sodium removal. On the other hand, cardiovascular
changes can be disturbed in the state of raised sympathetic
tone present in CKD patients.?® Sympathetic hyperactivity
is taken into account as one of the reasons of intradialytic
blood pressure changes.?” The hydration status may also be
considered a factor impacting arterial stiffness. In a study
on a group of HD patients, hypervolemia (assessed as left
ventricle end-diastolic volume) was significantly associated
with pulse pressure.? Moreover, it cannot be ruled out that
the increase in AC after HD is a result of decrease in systolic
blood pressure following dehydration. Hemodialysis may
impact local arterial stiffness in a complex mechanism,
in which the decrease of blood pressure, dehydration and
individual properties of the cardiovascular system overlap
and lead to the change in AC. This reaction of cardiovas-
cular system is correlated with the survival.

The correlation with mortality of other echo-tracking
parameters such as 3, Ep and PWV} remained statisti-
cally insignificant both before and after the HD, which
stays in opposition to the previous findings.??? Because
of the existing shortage in the studies on the abovemen-
tioned parameters in kidney failure patients, with regard

to all-cause mortality, and in particular cardiovascular
mortality, the discussion of those relationships would be
complex or probabilistic one.

Clinical implications

Our study shows that high-resolution echo-tracking may
provide a unique insight into pathophysiology of cardiovas-
cular disease in patients with kidney failure, and particu-
larly, in patients treated with maintenance HD. It also gives
hope for a better risk stratification among those patients.
Further pathophysiological studies will be needed in order
to recognize the underlying cause of paradoxical change
in AC and a potential utility of this phenomenon. Moreover,
further studies are required to establish how to control
arterial stiffness in order to improve the outcomes.

Limitations

Our study has several limitations. It was observational
in nature and thus, the causality could not be directly de-
rived from the results. It had also a relatively small num-
ber of participants. The mid-term follow-up of 48 months
seems to be also a limitation. Nevertheless, the subject did
not undergo extensive investigations, so our study adds
an important piece of data regarding the studied issue.
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Conclusions

Echo-tracking-based arterial stiffness assessment in pa-
tients with CKD yields the clinical information regarding
mid-term mortality risk. The independent risk factors for
mid-term mortality in patients with kidney failure treated
with HD are age, PCI, LVEF, AAC, fasting glucose, se-
rum total protein, sodium level after HD, and potassium
level before HD. The proper estimation of the correla-
tions among vascular, hemodynamic and sympathetic-
dependent changes in a given patient with kidney failure
is complex.
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Abstract

Background. Isoflurane can significantly induce inflammation in children without surgical stress. The toll-
like receptor 4 (TLR4) is closely related to noninfectious inflammation in the brain.

Objectives. To investigate the role of TLR4-small interfering RNA (SiIRNA) in learning and memory impair-
ment in young mice induced by isoflurane.

Materials and methods. The (57 newborn mice were randomly allocated into normal control (control),
isoflurane anesthesia (isoflurane), TLR4 interference empty vector+isoflurane anesthesia (SIRNA-NC), and
TLR4 interference+isoflurane anesthesia (TLR-siRNA) groups. Their behavior and pathological condition were
detected using Morris water maze and hematoxylin and eosin (H&E) staining, respectively. The TLR4, brain-
derived neurotrophic factor (BDNF) and cyclic adenosine monophosphate response element-binding protein 1
(CREBT) mRNA expressions were detected using quantitative real-time polymerase chain reaction (qRT-PCR).
Serum tumor necrosis factor alpha (TNF-a) and interleukin (IL)-6 were detected by means of the enzyme-
linked immunosorbent assay (ELISA). Apoptosis rate was detected with terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL). The TLR4, TNF-q, IL-6, BDNF, CREBT, extracellular signal-requlated kinase 1/2
(ERK1/2), and c-Jun N-terminal kinase (JNK) protein expressions were detected using western blot (WB).

Results. Compared with the control group, the number of times the mice crossed the platform, and the time
spent at the circumjacent area | and Il of the platform were significantly decreased in the isoflurane group;
the TLR4, TNF-a and IL-6 expressions were significantly increased in the isoflurane group, as compared
to control; the results were reversed after the TLR4 interference. The hippocampal neurons in the isoflurane
and siRNA-NC groups showed arrangement disorder and a high number of inflammatory infiltrates, while
in the TLR-siRNA group they were closely and orderly arranged. Compared with the control group, the apop-
tosis rate and JNK protein expression in the isoflurane group were significantly increased, CREBT protein
expression was significantly decreased, and BDNF and ERK1/2 protein expressions showed no significant
changes. Compared with the isoflurane group, the apoptosis rate of the TLR-siRNA group was significantly
decreased, BDNF and CREBT protein expressions were significantly increased, and ERK1/2 and JNK did not
change significantly.

Conclusions. Isoflurane stimulates the overexpression of inflammatory response factors, playing animpor-
tantrole in the cognitive impairment process. As a mediator of the innate immune inflammatory response,
TLR4 plays an important role in the process of cell injury, which may be delayed by blocking the TLR4 signal.

Key words: TLR4, isoflurane, memory function
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Background

Early anesthetic exposure has been strongly linked
to learning/behavior impairments in later life.!~* Multiple
exposures before the age of 3 are related to a higher rate
of learning difficulties and attention deficit hyperactiv-
ity disorder (ADHD).! Animal models confirmed long-
lasting learning and memory impairments upon early
postnatal exposure to anesthetics.*® Evidence showed
that general anesthesia can promote apoptosis and cogni-
tive impairment in the developing brain by exacerbating
neuroinflammation.’

Isoflurane is a commonly used general anesthesia. Asep-
tic trauma of surgery can trigger an inflammatory cascade
via the innate immune system, affecting synaptic plasticity
in brain areas responsible for learning and memory.® Be-
sides, a previous study revealed that brief exposure to iso-
flurane can significantly induce inflammation in children
without surgical stress.’

The hippocampus and ventromedial prefrontal cortex
(vmPFC) play an important role in learning and memory
processes, including fear conditioning and processing
of safety—threat information.!°~!? The hippocampus and
prefrontal areas have a key function in inhibitory con-
trol.131* Isoflurane inhalation can induce hippocampal
neuroinflammation and cognitive dysfunction in rats.!>
Isoflurane inhalation in children may produce neurode-
generative toxic effect!” and induce hippocampal apop-
tosis,'>!® and its prolonged use in early life is considered
to be closely related to cognitive impairment in later life.'?
Isoflurane induced persistent and progressive decrease
in hippocampal neural stem cell pool and neurogenesis
in the developing brain of young rodents, with significant
object recognition and reversal learning impairment which
became more obvious as they grew older, whereas similar
findings were not observed in adult rodents.?

Isoflurane anesthesia can alter the hippocampal den-
dritic spine morphology and development in neonatal
mice.?! The exposure of immature neurons to isoflurane
can also induce a long-term loss of synaptic connections.??
Isoflurane may have neurosynaptic toxic effects, thereby
affecting synaptic plasticity and impairing learning and
memory functions.

Toll-like receptors (TLRs) are a class of pattern recog-
nition receptors expressed on the membrane of the mi-
croglia. The TLRs can recognize pathogens and a variety
of harmful substances produced in the body.>® The acti-
vation of microglia produces a corresponding response.
In the TLR family, toll-like receptor 4 (TLR4) is considered
to be most closely related to the noninfectious inflam-
mation in the brain.?* Experimental results show that
TLR4 has a significant impact on the outcome of nonin-
fectious central nervous system diseases, such as cerebral
ischemia and Alzheimer’s disease (AD).?>2¢ The altera-
tions of the relevant neural structures may affect learning
and memory processes.?’” The inflammatory mediators
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released by the primary innate immune cells of the brain
can compromise the neuronal structure and function, thus
playing important roles in the pathogenesis of neurode-
generative diseases.?8-30

Objectives

This study analyzed the function of TLR pathway
in the learning and memory impairment in young mice
caused by isoflurane. The TLR4-small interfering RNA
(siRNA) was injected into the lateral ventricle of the brain®!
to observe whether TLR4-siRNA intervention can alleviate
the effects of isoflurane on impaired learning and memory
function in young mice, which were assessed using Morris
water maze test and hematoxylin and eosin (H&E) stain-
ing, in order to provide a feasible method for protecting
the cognitive development of children undergoing surgery
with isoflurane anesthesia.

Materials and methods
Ethics approval

All experiments in this study has been approved
by the Animal Care and Use Committee of the Jiangxi Pro-
vincial People’s Hospital, Nanchang, China, and conducted
in strict accordance with the guidelines of the Committee.

Experimental animals

Specific pathogen-free (SPF) grade, C57 mice (license No.
SCXK (Xiang) 2016-002) were purchased from Hunan SJA
Lab Animal Co., Ltd. (Hunan, China). The mice were raised
in polypropylene cages, maintained at 12-hour light/12-
hour dark cycle, at a temperature of 25 +2°C, and allowed
food and water ad libitum.

Laboratory reagents and instruments
Main reagents

The reagents used in the study included: isoflurane (na-
tional drug approval No. H20070172; Shanghai Hengrui
Pharmaceutical Co., Ltd., Shanghai, China); TLR4-siRNA
oligos set (cat. No. 1548002; Applied Biological Materials
Inc., Richmond, Canada); TRIzon reagent (CW0580S),
ultrapure RNA extraction kit (CW0581M), HiFiScript
first strand complementary DNA (cDNA) synthesis kit
(CW2569M), UltraSYBR Mixture (CW0957M), bicin-
choninic acid (BCA) protein assay kit (CW0014S) (Beijing
ComW in Biotech Co., Ltd., Beijing, China); polyvinylidene
difluoride (PVDF) membrane (IPVH00010; EMD Milli-
pore Corporation, Billerica, USA); marker (PageRuler™
Prestained Protein Ladder; #26617), super enhanced
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chemiluminescence (ECL) plus (RJ239676; Thermo Fisher
Scientific, Waltham, USA); mouse monoclonal anti-glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH, 1/2000,
TA-08), goat anti-rabbit immunoglobulin G (IgG) (H+L)
horseradish peroxidase (HRP) conjugate secondary anti-
body (1/5000, ZB-2301; ZSGB-BIO, Beijing, China); rabbit
anti-TLR4 polyclonal antibody (1/1000, bs-20594R), rab-
bit anti-interleukin (IL)-6 polyclonal antibody (1/500, bs-
6309R; Bioss Antibodies Inc., Woburn, USA); rabbit anti-
tumor necrosis factor alpha (TNF-a) polyclonal antibody
(1/500, AF7014; Affinity Biosciences, Cincinnati, USA); rab-
bit anti-brain-derived neurotrophic factor (BDNF) (1/1000,
ab108319; Abcam, Cambridge, USA); rabbit anti-cyclic ad-
enosine monophosphate response element-binding pro-
tein 1 (CREBI, 1/1000, 12208-1-ap), rabbit anti-extracellular
signal-regulated kinase 1/2 (ERK1/2, 1/1000, 16443-1-ap;
Proteintech Group, Inc., Rosemont, USA); rabbit anti-c-Jun
N-terminal kinase (JNK, 1/1000, df6089; Affinity Biosci-
ences); terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) assay kit (C1088; Beyotime Biotech-
nology, Shanghai, China); mouse TNF-a enzyme-linked im-
munosorbent assay (ELISA) kit (MM-0132M1), mouse IL-6
kit (MM-0163M1; Jiangsu Meimian Industrial Co., Ltd.,
Jiangsu, China); radioimmunoprecipitation assay (RIPA) ly-
sis buffer (C1053), skimmed milk powder (P1622; Applygen
Technologies Inc., Beijing, China); and bovine serum albu-
min (BSA, A8020; Solarbio Life Sciences, Beijing, China).

Main instruments

The instruments used in the study included: small ani-
mal ventilator (DW-3000C; Beijing Zhongshidichuang
Science and Technology Development Co., Ltd., Beijing,
China); isoflurane anesthesia ventilator (ABM-100), ste-
reotaxic apparatus (SA-102), Morris water maze (JLBehv-
MW MG; Shanghai Yuyan Instruments Co., Ltd., Shanghai,
China); fluorescence microscope (CX41; Olympus Corp.,
Tokyo, Japan); microtome (BQ-318D; Bona Medical Tech-
nology Co., Ltd., Hubei, China); fluorescence quantitative
real-time polymerase chain reaction (QRT-PCR) machine
(CEX Connect™ Real-Time), ultra-high sensitivity che-
miluminescence imaging system (Chemi Doc™ XRS+;
Bio-Rad Laboratories Co., Ltd., Shanghai, China); vertical
protein electrophoresis system (DY Y-6C), automatic mi-
croplate reader (WD-2102B; Beijing Liuyi Biotechnology
Co., Ltd,, Beijing, China); low-temperature high-speed cen-
trifuge (5424R; Eppendorf AG, Hamburg, Germany); and
constant temperature shaker (TC-100B; Shanghai Tocan
Biotechnology Co., Ltd., Shanghai, China).

Allocation sequence and blinding

Allocation sequence was performed using random num-
bers generated by a computer. The researchers conducting
the experiments, the outcome assessment and the data
analysis were blinded to the group allocation.

mn

Sample allocation

First, the adult mice were caged together with female/
male ratio of 2:1. Then, the newborn mice were randomly
allocated into 4 groups. There was no requirement for
gender of the young mice and it was ensured that there
were 12 in each group, 6 of which were randomly al-
located for qRT-PCR and western blot (WB) analysis.
The hippocampal tissue was taken and evenly divided
into 2 parts from the midline, one part was used for
qPCR and the other for WB analysis. Another 3 mice
from each group were used for H&E staining and serum
collection for ELISA test. The brain tissue was obtained,
placed in 10% formalin and stored at 4°C for H&E stain-
ing. The remaining 3 mice from each group were taken
for the water maze experiments.

Experimental grouping

The newborn mice were randomly assigned into 4 groups
as follows:

(1) Normal control group (control): no isoflurane anes-
thesia was given;

(2) Isoflurane anesthesia group (isoflurane): the mice
were given isoflurane anesthesia;

(3) TLR4 interference empty vector+isoflurane anes-
thesia group (siRNA-NC): the mice were given intracere-
broventricular injection of TLR4 interference negative
control plasmid (2 pL, 50 uM/L), followed by isoflurane
anesthesia;

(4) TLR4 interference+isoflurane anesthesia group
(TLR-siRNA): the mice were given intracerebroventricular
injection of TLR4 interference plasmid (2 pL, 50 pM/L),
followed by isoflurane anesthesia.

Isoflurane anesthesia was given by inhalation with 3%
isoflurane + 60% O, induction for the first 3 min, at a flow
rate of 2 L/min, followed by maintenance at a flow rate
of 1 L/min for 3 h, for 3 consecutive days.

For groups (3) and (4), after 5 days of intracerebro-
ventricular injection (injection into the lateral ventricle
of the brain) (6-day-old mice), isoflurane inhalation was
given for 3 h for 3 consecutive days (6-day, 7-day and 8-day-
old mice).

Mice behavior detected
using Morris water maze test

When the mice reached 31 days of age, 3 mice from each
group were taken for water maze experiment to observe
the changes in animal behavior. The procedures were
as follows:

1) Place navigation: The mice memory and learning
abilities in the water maze were assessed. One day before
the experiment, the mice were placed in the water maze for
60 s to adapt to the environment. The mice were trained
for 4 consecutive days, 4 times per day in the afternoon,
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with an interval of 15 min between each time. In each ex-
periment, one mouse was placed in the pool with the head
facing the side wall in 4 different directions (1 of the 4 di-
rections each time). The order was different each day.
The mice were allowed to swim until they found a platform
and stayed on it for 20 s to achieve the effect of memory
enhancement. The route to the platform that the mice
were searching for under the water and the escape latency
(the time it took to get from the water to the platform)
were noted and recorded by a camera. If the mice did not
reach the platform within 60 s, the escape latency was
recorded as 60 s, and they were guided by the investiga-
tor to the platform and stayed on it for 30 s. The markers
around the water maze were fixed, with no sound, no light
and no human interference.

2) Spatial probe: It was used to detect the mice abil-
ity to remember the spatial position of the platform after
learning to find it. The spatial probe test was carried out
on the 5 day, following 4 days of training. The platform
was removed. The mice were placed in the water on the op-
posite side of the original platform quadrant. The time
the mice spent in the target quadrant and other quadrants
was recorded.

Pathological condition in the hippocampal
tissue detected with H&E staining

The mice were sacrificed by cervical dislocation. Un-
der aseptic condition, the brain tissue was removed and
washed with running water for several hours. The tis-
sues were dehydrated with 70%, 80% and 90% ethanol
solutions, and immersed in an equal amount of pure al-
cohol and xylene for 15 min, followed by xylene I and II
(15 min each, until clear). Subsequently, the tissues were
placed in an equal amount of xylene and paraffin for
15 min, followed by paraffin I for 50—60 min and paraf-
fin II for another 50—60 min. The tissues were embedded
in paraffin, and then sectioned, baked, dewaxed, and
hydrated. The sections were placed in distilled water, and
then subjected to hematoxylin staining for 3 min. Then,
the sections were differentiated with hydrochloric acid
ethanol for 15 s, and slightly washed with water. Blueing
was performed for 15 s, and the sections were washed
with running water, subjected to eosin staining for 3 min,
and then again washed with running water. Then, they
were dehydrated, cleared, mounted, and viewed under
the microscope.

TLR4, BDNF and CREB1T mRNA expressions
in the hippocampal tissue detected
with fluorescence qPCR

Following RNA extraction, cDNA was synthesized using

the reverse transcription kit. With cDNA as the template,
the detection was performed with the fluorescent qPCR

L. Lin et al. TLR4 in isoflurane-induced memory impairment

Table 1. The operating system, reaction procedure and melting curve
analysis of the fluorescence quantitative real-time polymerase chain
reaction (QRT-PCR)

A. Operating system

Reagent
RNase-Free dH,0 9.5 uL
cDNA/DNA TuL
Upstream primer TuL
Downstream primer Tl
2xUltraSYBR Mixture 12.5 ul
B. Reaction procedure, 3-step method
Step | Temperature [°C] | Duration
Predenaturation 95 10 min
Denaturation 95 10s
Annealing 543 30s
Extension 72 30s
Cycle 40
C. Melting curve analysis
Temperature [°C] | Duration
95 155
543 1 min
95 15s
54.3 155
543 155

cDNA - complementary DNA.

machine. The expression of TLR4 in each group was esti-
mated using GAPDH as the internal reference.

The operating system, reaction procedure and melting
curve analyses were presented in Table 1A—C. The primer
information was displayed in Table 2.

TLR4, TNF-q, IL-6, BDNF, CREB1,
ERK1/2, and JNK protein expressions
in the hippocampal tissues detected
with western blot

The samples in each group were added with lysis buf-
fer, put on ice for 30 min and centrifuged for 10 min
at 10,000 rpm at 4°C. The supernatant was carefully as-
pirated for total protein determination. The protein con-
tent was measured using the BCA kit. The protein was
denatured, and sample loading was performed. Sodium
dodecyl sulfate (SDS) gel electrophoresis was conducted
for 1-2 h, followed by wet transfer for 30—50 min. Pri-
mary antibodies were incubated overnight at 4°C, followed
by the secondary antibody for 1-2 h at room temperature.
The ECL solution was applied onto the membrane and
the image was captured under the gel imaging system.
The gray value of each antibody band was determined
using the Quantity One software (Bio-Rad Laboratories
Co., Ltd.).
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Table 2. Primer information
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Primer Primer sequence
TLR4 F AGCTTCTCCAATTTTTCAGAACTTC
TLR4 R TGAGAGGTGGTGTAAGCCATGC
GAPDH F TCAACGGCACAGTCAAGG
GAPDHR TGAGCCCTTCCACGATG
BDNF F ATGTCTATGAGGGTTCGGCG
BDNF R GCGAGTTCCAGTGCCTTTG
CREB1F GAGCAGACAACCAGCAGAGT
CREBTR ACCTGGGCTAATGTGGCAAT
B-actin F AGGGAAATCGTGCGTGAC
B-actin R CATACCCAAGAAGGAAGGCT

. Product length Annealing
Primer length [bp] (bp] i
25
99 604
22
18
357 57.8
17
20
256 59.52
19
20
100 59.73
20
18
192 57.3
20

TLR4 - toll-like receptor 4; GAPDH - glyceraldehyde-3-phosphate dehydrogenase; BDNF — brain-derived neurotrophic factor; CREBT - cyclic adenosine

monophosphate response element-binding protein 1.

Serum TNF-a and IL-6 levels
detected using ELISA

First, all reagents and components were brought back
to room temperature. The standards, quality control prod-
ucts and samples were prepared in replicates. The working
solution of various components of the kit were prepared
according to the kit manual. The aluminum foil bags con-
taining the ELISA-coated plates were removed. The stan-
dard and sample wells were established. Each of the standard
wells received 50 puL of standards at various concentrations.
The blank control wells were not added with samples or en-
zyme-labeled reagents; the remainder of the procedures were
the same as the sample wells. Each sample well received 40 uL
of sample diluent, followed by 10 pL of sample (the final dilu-
tion of sample was x5). The samples were placed at the bot-
tom of the wells, avoiding touching the side walls. They
were gently shaken and mixed. Except for the blank control
wells, each well received 100 pL of enzyme-labeled reagent.
The plate was sealed with a film, which was then incubated
at 37°C for 60 min. Before use, the wash buffer concentrate
(x20) was diluted 20 times with distilled water. The sealing
film was removed with care, and the liquid was patted dry.
Each well was filled with wash buffer, left for 30 s and then
discarded. This was performed 5 times, and each well was
patted dry. Then, color reagents A and B (each 50 uL) were
added into each well, gently shaken and mixed. Color was
developed for 15 min at 37°C in the dark. The reaction was
then terminated by adding 50 uL of stop solution to each
well. The color was changed from blue to yellow. The blank
well was adjusted to zero, and the absorbance (optical density
(OD) value) of each well was measured at 450 nm.

Apoptosis rate in the hippocampal tissue
detected with TUNEL staining

The tissue sections were placed in oven at 65°C and baked
for 2 h. The sections were immersed in xylene for 10 min.

Then, the xylene was replaced with fresh xylene and the sec-
tions were left for another 10 min. The sections were put
in 100% (twice), 95% and 80% ethanol, and then purified
water, for 5 min each. The sections were placed in a wet box
and 50 pg/mL proteinase K working solution was applied
dropwise to each sample and incubated for 30 min at 37°C.
Then, the sections were washed thoroughly with phosphate-
buffered saline (PBS) for 5 min 3 times. The PBS around
the tissue was absorbed with absorbent paper, an appropriate
amount of TUNEL detection solution was added to each slide,
and the sections were incubated in the dark for 2 h at 45°C.
The slides were then washed with PBS for 5 min 3 times.
The liquid on the glass slide was absorbed with absorbent
paper. The glass slides were mounted with antifade mount-
ing medium and examined with a fluorescence microscope.

Statistical analyses

The IBM SPSS v. 19 software (IBM Corp., Armonk,
USA) was used for data analysis. The measurement data
were presented as mean + standard deviation (x +SD).
One-way analysis of variance (ANOVA) was used for
the comparisons between the groups. Post hoc test was
performed using Tukey’s honestly significant difference
(HSD) test. The value of p < 0.05 was considered statisti-
cally significant.

Outcome measures

Primary outcome: The behavior of mice treated with
TLR4-siRNA compared with the control, isoflurane and
siRNA-NC groups.

Secondary outcomes: The pathological condition, TLR4,
BDNF and CREB1 mRNA expressions, serum IL-6 and
TNF-a levels, apoptosis rate, and TLR4, IL-6, TNF-q,
BDNF, CREBI, ERK1/2, and JNK protein expressions
in mice treated with TLR4-siRNA, compared with the con-
trol, isoflurane and siRNA-NC groups.
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Results

Mice behavior detected
using Morris water maze test

As demonstrated in Fig. 1 (and Supplementary Table 1),
the number of times the mice in the isoflurane group
crossed the platform was significantly smaller, and
the time spent at the platform circumjacent area I and II
for the spatial probe test was significantly shorter than
in the control group (Tukey’s HSD; p < 0.001, p < 0.001,
p = 0.001, respectively), while these values were signifi-
cantly higher in the TLR-siRNA group than in the isoflu-
rane group (Tukey’s HSD; p = 0.001, p = 0.009, p = 0.007,
respectively).

Pathological condition in the hippocampal
tissue detected with H&E staining

The results of the pathological staining in each group
were shown in Fig. 2. The neurons in each area of the hip-
pocampus in the control group were closely arranged,
the cell body size was normal, no obvious edema and
degeneration were noted, and the inflammatory cell in-
filtration was relatively low. Both the isoflurane group
and the siRNA-NC group had varying degrees of neuron
arrangement disorder as well as a large number of in-
flammatory infiltrates. The neurons in the TLR-siRNA
group were arranged in a relatively close and orderly
manner.

TLR4, TNF-a and IL-6 expressions
in the hippocampal tissue detected
with qPCR and WB
As shown in Fig. 3 (and Supplementary Table 2),
the TLR4, TNF-a and IL-6 expressions in the isoflu-

rane group were significantly increased compared with
the control group (Tukey’s HSD; p < 0.001 for TLR4 mRNA
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expression, all p < 0.001 for protein expressions), while
in the TLR-siRNA group they were significantly decreased
when compared with the isoflurane group (Tukey’s HSD;
p = 0.004 for TLR4 mRNA expression, all p < 0.001 for
protein expressions).

Serum TNF-a and IL-6 levels
detected with ELISA

As presented in Fig. 4 (and Supplementary Table 3),
the TNF-a and IL-6 levels in the isoflurane group were
significantly increased compared with the control group
(Tukey’s HSD; p < 0.001 both), while in the TLR-siRNA
group they were significantly decreased when compared
with the isoflurane group (Tukey’s HSD; p < 0.001 both).

Apoptosis rate in the hippocampal tissue
detected with TUNEL staining

As shown in Fig. 5 (and Supplementary Table 4),
the apoptosis rate in the isoflurane group was significantly
increased compared with the control group (Tukey’s HSD;
p = 0.005), while in the TLR-siRNA group it was signifi-
cantly decreased when compared with the isoflurane group
(Tukey’s HSD; p = 0.004).

BDNF and CREB1T mRNA expressions
in the hippocampal tissue detected
with qPCR

As revealed in Fig. 6 (and Supplementary Table 5),
the BDNF mRNA expression in the isoflurane group was
increased (Tukey’s HSD; p = 0.898), and the CREB1 mRNA
expression was decreased when compared with the control
group (Tukey’s HSD; p = 0.654). The BDNF mRNA ex-
pression in the TLR-siRNA group was decreased (Tukey’s
HSD; p = 0.660) and the CREB1 mRNA expression was
significantly decreased (Tukey’s HSD; p = 0.013) compared
with the isoflurane group.
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Fig. 1. Morris water maze test results of each group. Tukey's honestly significant difference (HSD); compared with the control group, *p < 0.05; compared
with the isoflurane group, fp < 0.05 (n = 3/group). The interval represents the mean value. The ends of the interval represent standard deviation (SD)

SIRNA-NC - TLR4 interference empty vector+isoflurane anesthesia group; TLR-siRNA — TLR4 interference+isoflurane anesthesia group.
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Fig. 2. Hematoxylin and
eosin (H&E) staining

of the hippocampal tissue
in each group

SiRNA-NC - TLR4
interference empty
vector+isoflurane
anesthesia group;
TLR-siRNA = TLR4
interference+isoflurane
anesthesia group.

Fig. 3. The toll-like
receptor 4 (TLR4), tumor
necrosis factor alpha
(TNF-a) and interleukin
(IL)-6 expressions

in the hippocampal tissue
of each group detected
with quantitative
real-time polymerase
chain reaction (QRT-

PCR) and western blot
(WB). Tukey's honestly
significant difference
(HSD); compared with
the control group,

*p < 0.05; compared with
the isoflurane group,

0 < 0.05 (n = 3/group).
The interval represents
the mean value. The ends
of the interval represent
standard deviation (SD)

SIRNA-NC - TLR4
interference empty
vector+isoflurane
anesthesia group;
TLR-siRNA - TLR4
interference-isoflurane
anesthesia group; GAPDH
- glyceraldehyde-
3-phosphate
dehydrogenase.
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Fig. 4. Serum tumor necrosis factor alpha
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Fig. 5. Apoptosis rate in the hippocampal tissue of each group detected with terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
staining. Tukey's honestly significant difference (HSD); compared with the control group, *p < 0.05; compared with the isoflurane group, *p < 0.05
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BDNF, CREB1, ERK1/2, and JNK protein
expressions in the hippocampal tissue
detected with WB

As shown in Fig. 7 (and Supplementary Table 6),
the CREBI protein expression in the isoflurane group
was significantly decreased (Tukey’s HSD; p = 0.018) and
the JNK protein expression was significantly increased
(Tukey’s HSD; p = 0.004), while the BDNF and ERK1/2 pro-
tein expressions did not show significant changes (Tukey’s
HSD; p = 0.317, p = 0.789, respectively) compared with
the control group. The BDNF and CREBI protein expres-
sions in the TLR-siRNA group were significantly increased
(Tukey’s HSD; p < 0.001, both), while the ERK1/2 and JNK
protein expressions did not show significant changes
(Tukey’s HSD; p = 0.994, p = 0.547, respectively) when
compared with the isoflurane group.

Discussion

A number of studies have found that the inhalation
of anesthetics may cause or increase the risk of cognitive
impairment in humans and rodents.3*3% A large number
of animal experiments have shown that the current clinical
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use of inhaled and intravenous general anesthetics can
cause obvious and extensive apoptosis of the developing
neurons, and cognitive impairment and abnormal func-
tion of neural circuit, as well as decline or loss of cognitive
behavior ability in adulthood.*3%3°

The TLR4 is an important part of the activation of the in-
nate immune system, and is expressed in neurons and
glial cells.3¢ It does not only mediate the innate immune
response, but also participates in the inflammatory reac-
tions and neurodegeneration.?”8 In this study, the number
of times the mice crossed the platform, and the time they
spent at the platform circumjacent area I and II for the spa-
tial probe test were significantly decreased in the isoflu-
rane group, indicating that isoflurane can impair the cog-
nitive and behavioral abilities of the mice. The cognitive
ability recovered after the TLR4 interference. These find-
ings indicate that the TLR4 expression plays an important
role in the cognitive ability of mice.

The TLR4 activation can lead to a substantial number
of neuronal deaths.?’ Studies have found that an increased
expression of TLR4 aggravates the increase of the inflam-
matory cytokines in the hippocampus, which may further
stimulate the neuroinflammatory response by activating
microglia and astrocytes, and eventually lead to neuro-
nal damage and cognitive decline.*’ In this study, basing
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on the H&E staining results, it could be observed that
the hippocampal neurons in the control group were closely
arranged, and inflammatory cell infiltration was relatively
low, whereas the isoflurane and siRNA-NC groups showed
varying degrees of neuron arrangement disorder and
a high number of inflammatory infiltrates. The neurons
in the TLR-siRNA group were arranged in a relatively close
and orderly manner.

The increase of peripheral inflammatory cytokines
can cause cognitive impairment. At present, more than
30 kinds of cytokines are known, including interleu-
kins (IL-1 to IL-4), TNF and transforming growth fac-
tor (TGFB1-3), among which IL-1, IL-6 and TNF-a are
considered to be the typical pro-inflammatory cyto-
kines.*! The IL-1, produced by the activation of microg-
lia, is the initiating link of the inflammatory response.
The IL-1 promotes the proliferation and activation of mi-
croglia through the autocrine pathway, initiates the re-
lease of cytokines such as IL-6 and TNF-a, and induces
the increase in the production of complement and che-
mokines. In turn, the immune inflammatory cytokines
activate microglia, resulting in a continuous increase in cy-
tokines that eventually lead to neuronal degeneration and
necrosis, which further stimulates microglia to synthesize
and secrete cytokines, and forms a positive feedback loop
in the body, resulting in a cascade amplification effect
of inflammatory response.*?*3 The TLR4 can promote ex-
pressions of the inflammatory factors such as IL-1, IL-6
and TNF-a. At the same time, these inflammatory fac-
tors interact with each other, causing an excessive release
of inflammatory mediators, which further aggravate tissue
and organ damage.** The results of this study revealed that
the expressions of the inflammatory factors TNF-a and
IL-6 increased significantly after the mice were anesthe-
tized with isoflurane, and decreased significantly following
the TLR4 expression interference. These results indicated
that TLR4, as an innate immune inflammatory response
mediator, may mediate the excessive release of the in-
flammatory response factors, causing nerve cell damage,
and long-term excessive damage may lead to a decline
in the cognitive function.

In addition, we found that isoflurane anesthesia signifi-
cantly increased the apoptosis rate of the hippocampal
tissue. The apoptosis rate in the TLR-siRNA group was sig-
nificantly decreased compared with the isoflurane group.
Further mechanism study demonstrated that the CREB1
protein expression in the isoflurane group was signifi-
cantly decreased, and the JNK protein expression was
significantly increased compared with the control group;
however, the protein expressions of BDNF and ERK1/2 did
not show any significant changes. The BDNF and CREB1
protein expressions in the TLR-siRNA group were signifi-
cantly increased, while the ERK1/2 and JNK protein ex-
pressions did not show any significant changes compared
with the isoflurane group.

L. Lin et al. TLR4 in isoflurane-induced memory impairment

Generalizability of the study

The findings of this study can be generalized to human
and validated by further clinical trials.

Limitations

First, this study only shows the protective effect of TLR4-
siRNA intervention on learning and memory function
of young mice induced by anesthetics, but the mechanism
of TLR4 is not clear. Second, surgical anesthesia involves
a broad array of drugs. This study only explores the ef-
fect of isoflurane anesthesia, which is not comprehensive
enough. A variety of anesthetic agents can be explored
to illustrate the universality of the role of TLR4 in cogni-
tive impairment.

Future research can be extended in 2 directions. First,
to explore the mechanism of TLR4 in microglia at the cel-
lular level. Second, to establish a model of postoperative
cognitive impairment induced by a variety of anesthetics
to prove the universality of the role of TLR4.

Another limitation is the small sample size of the study;
the homogeneity of variance and normality were assumed
without checking the assumptions. Future research should
involve a larger size sample.

Conclusions

The exposure to isoflurane anesthesia plays a crucial
role in the cognitive impairment process in young mice.
Isoflurane anesthesia stimulates the inflammatory re-
sponse factors to overexpress, causing neuronal cell
damage and eventually cognitive impairment. An early
exposure to isoflurane anesthesia can lead to a persistent
impairment in memory and learning function of the de-
veloping brain. As a mediator of the innate immune in-
flammatory response, TLR4 plays a key role in the cell in-
jury process. Blocking TLR4 signal may delay the process
of cell inflammatory injury and cognitive impairment.

Supplementary data

Additional data showing the exact statistical analysis
data have been deposited at

https://doi.org/10.5281/zenod0.6319656.

The package contains 6 files:

Supplementary Table 1. Morris water maze test results
of each group;

Supplementary Table 2. TLR4, TNF-a and IL-6 expres-
sions in the hippocampus of each group detected with
qPCR and WB;

Supplementary Table 3. Serum TNF-«a and IL-6 levels
of mice in each group detected with ELISA;



Adv Clin Exp Med. 2022;31(7):769-780

Supplementary Table 4. Apoptosis rate detected with

TUNEL staining;

Supplementary Table 5. BDNF and CREB1 mRNA ex-

pressions detected with qPCR;

Supplementary Table 6. BDNF, CREB1, ERK1/2, and JNK

protein expressions detected with WB.
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Abstract
Background. Ankylosing spondylitis (AS) has a high disability rate, and an early diagnosis is difficult.

Objectives. To explore the possible functions and underlying mechanism of circular RNAs Homo sapiens
(hsa)_circ_0003307 in ankylosing spondylitis.

Materials and methods. The hsa_circ_ 0003307 expression levels were investigated in the peripheral blood
mononuclear cells (PBMCs) of 30 AS patients and 30 healthy controls (HC) using quantitative reverse transcrip-
tion polymerase chain reaction (qRT-PCR) analysis. Primary fibroblast-like synoviocytes (FLS) were separated
from synovial tissues, established as cell lines and cultured for subsequent cell experiments involving transfec-
tion with different vectors. The qRT-PCR analysis was used for evaluating the levels of hsa_circ_0003307
in AS-FLS. Phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT) pathway-related protein levels were
measured using western blotting and immunofluorescence. Enzyme-linked immunosorbent assay (ELISA)
was used to detect the levels of inflammatory cytokines. Spearman’s correlation analysis was used to assess
the correlation between hsa_dirc_0003307 and clinical characteristics.

Results. The expression level of hsa_circ_ 0003307 was significantly high in AS patients and was positively
associated with erythrocyte sedimentation rate (ESR), G-reactive protein (CRP), Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI), and Bath Ankylosing Spondylitis Functional Index (BASFI). We found that
hsa_circ_0003307 overexpression could promote the activation of the PI3K/AKT pathway and expression
of inflammatory cytokines — tumor necrosis factor alpha (TNF-a) and TNF-a-induced protein 2 (TNFAIP2).
However, hsa_circ_ 0003307 knockdown reduced the expression of TNF-a and TNFAIP2.

Conclusions. The expression level of hsa_circ_0003307 was associated with inflammatory response,
and it was revealed that hsa_circ_0003307 knockdown could reduce the inflammatory response of AS
by requlating the PI3K/AKT pathway.

Key words: ankylosing spondylitis, PI3K/AKT, hsa_circ_0003307
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Background

Ankylosing spondylitis (AS) is a chronic refractory in-
flammatory arthritis, characterized by chronic nonspe-
cific inflammation.! The sacroiliac joints and spine are
the body parts most commonly affected by AS.2 If not
treated in time, it affects the movement of the spine
joints, and even spinal joint stiffness and deformity will
appear.? This seriously worsen the quality of life of pa-
tients. This disease is mainly painful in the early stage,
when the symptoms of unfavorable spinal joint move-
ment are not obvious, and it is not easy to be diagnosed.
Often, when AS is clearly diagnosed, irreversible joint
damage has already occurred, and other system diseases
may also be observed. The treatment of AS brings a huge
economic burden to the families of the patients and
the whole community. Therefore, an early diagnosis
is very important for AS patients and their families.
There is an urgent need to identify new biomarkers that
could be used as indicators for the diagnosis or progno-
sis of AS. The discovery of such biomarkers may have
inestimable value for the early diagnosis and treatment
of AS.

Circular RNA (circRNA) is a unique RNA composed
of exons, introns, or the products of reverse splicing
of both.* Because circRNA has no 5' or 3' ends, it can with-
stand RNase digestion and is more stable than most lin-
ear RNAs.® In addition to its characteristics of a relatively
high stability, circRNA often exhibits tissue/developmental
stage-specific expression,®” and is therefore more suitable
as a biomarker than linear RNA.® Previous studies have
confirmed that circRNA may control gene transcription
by isolating target microRNAs (miRNAs) and regulat-
ing RNA-binding proteins, thereby acting as an “miRNA
sponge”.® There is increasing evidence that certain cir-
cRNAs may be related to the risk of neurological, ath-
erosclerotic vascular, prion, cancer, and autoimmune dis-
eases.!%13 This supports the hypothesis that circRNAs
may become new diagnostic and prognostic biomarkers,
and new disease treatment targets.'*!> However, the cur-
rent understanding of circRNA in AS patients is limited.

Phosphatidylinositol-3 kinase (PI3K)/protein kinase B
(AKT) is an important inflammatory pathway that par-
ticipates in a variety of physiological and pathological pro-
cesses in the body. After activation, it participates in cell
signal transduction, growth, angiogenesis, and carcino-
genic transformation.!® The PI3K is affected by cytokines
to change the protein structure of AKT and activate it,
thereby regulating the release of pro-inflammatory me-
diators.l” Studies have shown that the PI3K/AKT//mam-
malian target of rapamycin (mTOR) signaling pathway
plays a role in cartilage degeneration, subchondral bone
dysfunction and synovial inflammation.!81? Therefore,
this study verified the diagnostic effect of circ_0003307
by observing the influence of circ_0003307 on the PI3K/
AKT pathway.
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Objectives

The objective of this study was to explore the possible role
of a certain circRNA, Homo sapiens (hsa)_circ_0003307,
in AS. To achieve this, we detected the expression level
of circRNA_0003307 in peripheral blood mononuclear cells
(PBMCs) of AS patients. Thereafter, we verified the pos-
sible role of the edited circRNA_0003307 in the inflamma-
tory response of AS-fibroblast-like synoviocytes (AS-FLS).

Materials and methods
Patients and healthy controls

Thirty AS patients were recruited from the Department
of Rheumatology, Anhui Provincial Hospital of Tradi-
tional Chinese Medicine, Hefei, China. These patients
were diagnosed by interviewers in accordance with
the New York criteria revised by the American College
of Rheumatology.?>?! At the same time, we also recruited
30 healthy subjects whose age and gender matched those
of AS patients as healthy controls (HC). Both the patient
and the HC group ruled out the history of other diseases.
The research protocol was in line with the Declaration
of Helsinki. This study was approved by the Medical Eth-
ics Committee of Anhui Provincial Hospital of Traditional
Chinese Medicine (approval No. 2020AH-08).

Isolation of PBMCs and extraction
of total RNA

Peripheral blood (5 mL) of the subjects was collected using
an ethylenediaminetetraacetic acid (EDTA) anticoagulation
tube. A discontinuous density gradient (Histopaque-1077;
Sigma-Aldrich, St. Louis, USA) was used to separate PBMCs.
Total RNA was extracted using TRI-Reagent (Invitrogen,
Carlsbad, USA) and stored at —80°C. The RNA concentra-
tion was determined with a NanoDrop spectrophotometer
(Thermo Fisher Scientific, Waltham, USA), and RNA integ-
rity was assessed with agarose gel electrophoresis.

Cell culture

Synovial tissue specimens were obtained from AS pa-
tients undergoing hip replacement surgery. The specimens
were cut into small pieces and mixed with 4 mg/mL col-
lagenase (type I) (Sigma-Aldrich) for 1 h. Then, the cells
were digested with 0.25% trypsin. Thereafter, AS-FLS cells
were collected and added to Dulbecco’s modified Eagle’s
culture medium (DMEM; HyClone Laboratories, Inc.,
Logan, USA) containing 10% fetal bovine serum (FBS;
Sigma-Aldrich) and 1% streptomycin and penicillin (Beyo-
time, Shanghai, China). Cells were maintained at 37°C
and 5% CO,. The isolated AS-FLS were cultivated from
the 3™ to the 6 generation for further study.
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Cell transfection

The pcDNA3.1-hsa_circ_0003307 was generated by am-
plifying the coding sequence of circRNA_0003307 and
inserting it into pcDNA3.1(+). Small interfering RNAs
(siRNAs) were targeted to circRNA_0003307 (siRNA1:
5-AGGCUGGAAACCAUCGACGTT-3', siRNA2:
5-CUGGAAACCAUC GACGAGUTT-3', siRNA3:
5"GAAACCAUCGACGAGUACATT-3"). Nonsense con-
trol siRNA (si-NC) was purchased from GenePharma
(Shanghai, China). Lipofectamine 2000 (Invitrogen) was
used for the transient transfection of vectors at room tem-
perature. After that, the cells were incubated for 24 h be-
fore their use in subsequent experiments.

qRT-PCR

Extracted total RNA was reverse transcribed to cDNA
using the Prime Script™ RT Reagent Kit (TaKaRa, Da-
lian, China) with gDNA Eraser. After that, according
to the manufacturer’s instructions, TB Green™ Premix
Ex Taq™ (Tli RNase H Plus; TaKaRa, Kusatsu, Japan) was
used for the quantitative reverse transcription polymerase
chain reaction (QRT-PCR). The internal control B-actin
primer sequence is shown in Table 1. Primers were syn-
thesized by Sangon Biotech (Shanghai, China). The 2-44¢t
method was used to calculate the relative expression level
of circRNA_0003307.

Western blotting

Table 1. Primer sequences for hsa_circ_0003307

Size (bp) |

Name |

Sequence (5'—3’)

F: CCCTGGAGAAGAGCTACGAG
R: GGAAGGAAGGCTGGAAGAGT

F: CTGTCATCAACCTGGGAAGG
R: ACGGGTTGGTGGTAGCAT

B-actin 9

circRNA0003307 77

Commercial kits (Pierce, Rockford, USA) were used
to extract cytoplasmic and nuclear proteins from AS-FLS.
A sample was prepared for electrophoresis on a Novex
10% sodium lauryl sulphate/polyacrylamide gel (Thermo
Fisher Scientific). Then, the membrane was blocked with
5% skimmed milk powder in Tris-buffered saline and
combined with rabbit anti-human anti-phosphorylated
(p)-PI3K (dilution 1:1000; cat. No. ab182651; Abcam, Cam-
bridge, USA) or rabbit anti-human anti-p-AKT (dilution
1:2000; cat. No. 4060s; Abcam) and incubated overnight.
After washing 3 times, the membrane was incubated with
anti-rabbit immunoglobulin G secondary antibody (di-
lution 1:20,000; cat. No. ab6721; Abcam) at room tem-
perature for 1.5 h. Proteins were detected using enhanced
chemiluminescence (ECL; Merck Millipore, Burlington,
USA) and quantified using ImageQuant™ LAS 4000 (GE
Healthcare Life Science, Pittsburgh, USA).
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Immunofluorescence assay

After 48 h of transfection, AS-FLS were permeabilized
with 0.5% Triton X100 in phosphate-buffered saline (PBS),
and blocked with 2% bovine serum albumin for 15 min
at room temperature. The cells were then incubated with
primary antibodies and diluted in blocking buffer at 4°C
overnight. This was followed by the incubation with the flu-
orophore-conjugated secondary antibody (1:1000; Invitro-
gen) in blocking buffer for 1 h at room temperature. The nu-
clei were stained with 4,6-diamidino-2-phenylindole (DAPI;
Invitrogen). Images were obtained using a Zeiss LSM710
confocal microscope (Carl Zeiss AG, Jena, Germany).

ELISA

Enzyme-linked immunosorbent assay (ELISA) was per-
formed according to the instructions of the tumor necrosis
factor alpha (TNF-q«; product No. JYM0110Hu) and TNF-
a-induced protein 2 (TNFAIP2; product No. JYM2468Hu)
kits (Wuhan Genemei Technology, Wuhan, China) to de-
termine the expression levels of TNF-a and TNFAIP2
in the AS-FLS supernatant. Absorbance was determined
at the optical density (OD) of 450 nm. The contents were
calculated according to standard curves.

Statistical analyses

Statistical analyses were performed and graphs were cre-
ated using GraphPad Prism v. 8 software (GraphPad Soft-
ware, San Diego, USA). Age was analyzed using Student’s
t-test (Supplementary Table 1A,B). The expression of cir-
¢RNA_0003307 in PBMCs was analyzed using Welch’s t-
test (Supplementary Table 2A,B). Categorical variables were
compared using the x? test. Correlations were assessed us-
ing the Spearman’s analysis because clinical characteristics
were not normally distributed (Supplementary Table 3).
The circRNA_0003307 expression in AS-FLS was analyzed
using a one-way analysis of variance (ANOVA) followed
by the Games—Howell test (Supplementary Table 4A-C).
The p-PI3K protein expression in AS-FLS was analyzed us-
ing a one-way ANOVA followed by the Games—Howell test
(Supplementary Table 5A—C). The p-AKT protein expression
in AS-FLS was analyzed using a one-way ANOVA followed
by the Games—Howell test (Supplementary Table 6A—C).
The TNF-a levels in AS-FLS were analyzed using a one-way
ANOVA followed by the Games—Howell test (Supplementary
Table 7A—C). The TNFAIP2 levels in AS-FLS were analyzed
using a one-way ANOVA followed by Games—Howell test
(Supplementary Table 8A—C). A receiver operating charac-
teristic (ROC) curve analysis was performed to judge whether
circRNA_0003307 can be used as a diagnostic indicator for
AS. A value of p < 0.05 indicates that the difference was sta-
tistically significant. All Supplementary Tables with the de-
scription of statistical methods and the results of statistical
tests are available at https://doi.org/10.5281/zenodo.6244943.
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Results
General situation of the research subjects

Thirty AS patients and 30 HC were examined in this
study. The general situation of the 2 groups of subjects
is exhibited in Table 2. There was no significant difference
between AS patients and HC in terms of age (t = 0.1370,
p = 0.8915, degrees of freedom (df) = 58) or gender
(x? = 0.000, p > 0.999, df = 1) (Table 2).

Expression of circ_0003307 in PBMCs

To detect the level of circRNA_0003307 in PBMCs of AS
patients, qRT-PCR was performed. The results showed that
the level of circRNA_0003307 in PBMCs of AS patients was
significantly higher than that of the HC group (t = 15.32,
p<0.0001, df =47.30; Fig. 1A). To evaluate the diagnostic value
of circRNA_0003307,a ROC curve analysis was performed.
The area under the curve (AUC) of circRNA_0003307 was
0.8533 (95% confidence interval (95% CI): [0.7564; 0.9503]).
The results indicate that circRNA_0003307 has potential
value in diagnosing AS (Fig. 1B).

Correlation analysis of circRNA_0003307
and clinical characteristics of AS patients

The results of the Spearman’s analysis (the distribu-
tion of the correlated variables was non-normal — cf.
Supplementary Table 3) showed that the expression

Table 2. General situation of the research subjects

Variables

AS (n=30)

Y. Fang et al. CircRNA_ 0003307 inhibits inflammation in AS

level of circRNA_0003307 in PBMCs of AS patients was
positively correlated with clinical characteristics, includ-
ing erythrocyte sedimentation rate (ESR; r = 0.7188,
p < 0.0001; Fig. 2A), C-reactive protein (CRP) level
(r = 0.6309, p = 0.0002; Fig. 2B), Bath Ankylosing Spon-
dylitis Functional Index (BASFI) (r = 0.4126, p = 0.0235;
Fig. 2C), and Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI) (r = 0.6295, p = 0.0002; Fig. 2D). The over-
all evidence indicate that the abnormal expression of cir-
¢RNA_0003307 may be related to the pathogenesis of AS.

CircRNA_0003307 expression in AS-FLS

The expression of circRNA_0003307 in AS-FLS was
detected using the qRT-PCR. In addition, qRT-PCR was
used to detect the expression following overexpression
and knockdown. These results showed that, through trans-
fection of the circRNA_0003307 overexpression vector,
circRNA_0003307 was significantly increased (t = 13.68,
p <0.0001, df = 7.171), while circRNA_0003307 knockdown
with siRNA resulted in a significant decrease (t = 18.15,
p < 0.0001, df = 8.776, Fig. 3).

Effect of abnormal expression
of circRNA_0003307 on the PI3K/AKT
pathway

To determine the effect of abnormal expression of cir-

¢RNA_0003307 on AS-related pathways, we tested the ex-
pression of PI3BK/AKT pathway-related proteins through

Sex (M/F) 24/6
36.4300 +10.3300

Age [years], mean £SD

ESR [mm/h], median (Q1, Q3)
CRP [mg/L], median (Q1,Q3)
BASDAI score, median (Q1, Q3)
BASFI score, median (Q1, Q3)

30.00 (17.00, 45.25)
37.13(23.03,71.11)
5.60 (5.40, 6.60)
6.45 (6.20, 6.80)

HC (n =30)
24/6 x? = 0.0000 >0.9999 1
36.1000 £8.4170 t=0.1370 0.8915 58
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A

ESR - erythrocyte sedimentation rate; CRP — Creactive protein; BASDAI - Bath Ankylosing Spondylitis Disease Activity Index; BASFI - Bath Ankylosing
Spondylitis Functional Index; N/A - not applicable; SD - standard deviation; Q1 - 15t quartile; Q3 - 3" quartile; AS — ankylosing spondylitis; HC - healthy

controls; df — degrees of freedom.

A 4= B 100+ Fig. 1. Validation '
*% of abnormal expression
I | of circRNA_0003307
23 3 . 80 and receiver operating
g 2 ° ++ ° ) characteristic (ROC)
L8 v = 60 curve analysis
g Q| ° 0_3_3 $ : ° =
23 27 3 = AUC - area under the
s ¢ PN a4 g 407 AUC =0.8533 curve; AS - ankylosing
&3 —— 8 p < 0.0001
& 1+ bR 3 @ - spondylitis; HC - healthy
° A 20 controls.
0 T T 0 T T T T 1
AS HC 0 20 40 60 80 100

100% - specificity [%]
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western blotting and immunofluorescence (IF) assay. =1 control
Compared with the AS-FLS group, AS-FLS transfected =3 si-NC
With pcD'NAB.l—hm_‘circ_0003?07 showed a significant 3 si-hsa_circ 0003307
increase in the protein expression of p-PI3K (t = 21.81, =1 pcDNA3.1-NC
p = 0.0015, df = 2.806) and p-AKT (t = 4.744, p = 0.0451, 3 pcDNA3.1-hsa. circ 0003307
df = 3.768, Fig. 4A—C), whereas these protein levels were P ' -
significantly decreased in AS-FLS transfected with si-
hsa_circ_0003307 compared with those in the AS-FLS 2.0 7
group (tp_png = 11.13, Pp-ri3x = 0.0050, dfp_png = 3.167; ~ %k %k
tp-axr = 4.851, ppaxt = 0.0396, df,,_ skt = 3.884, Fig. 4A—-C). § 15 %
The IF assay used to analyze protein expression in these AS- S
S
FLS yielded similar results (Fig. 4D,E). These results indi- o4
cate that the PI3K/AKT signaling pathway can be activated ¢ % 10 sl g E=
by circRNA_0003307, which is highly expressed in AS. %E 4
o
. 2 05+ _
Effects of aberrant circRNA_0003307 -
expression on inflammatory cytokines
0.0 T T T T T

To study the effect of circRNA_0003307 on the inflam-
matory response of AS following the activation of the PI3K/
AKT pathway, ELISA was used to detect the expression
of the inflammatory factors — TNF-a and TNFAIP2.
The results showed that TNF-a and TNFAIP2 levels in AS-
FLS significantly decreased when AS-FLS was transfected
with si-hsa_circ_0003307 (trnr.o = 4.686, prar.q = 0.0110,
dfrnpa = 7.662; trneapz = 5.066, praeawz = 0.0157,
dfrnearee = 5.536, Fig. 5A,B) compared with si-NC. In ad-
dition, AS-FLS induced with pcDNA3.1-ksa_circ_0003307

Fig. 3. Differential expression of circRNA_0003307 in ankylosing spondylitis
fibroblast-like synovial cells

si-NC — nonsense control siRNA.

showed higher levels of TNF-a and TNFAIP2 than
pcDNA3.1-NC (trnra = 11.51, prnra < 0.0001,
dfrneq = 6.077; trneas = 28.84, praearr2 < 0.0001,
dfrnpares = 8.741, Fig. 5A,B).
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Fig. 4. Boxplots of the effect of circRNA_0003307 on the phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT) pathway

si-NC — nonsense control siRNA.
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Fig. 5. Boxplots of the effect of circRNA_0003307 on inflammatory cytokines

si-NC — nonsense control siRNA; TNF-a — tumor necrosis factor alpha; TNFAIP2 — TNF- a-induced protein 2.

Discussion

The discovery of circRNAs has provided novel insights
into AS treatment, and it is of vital significance for iden-
tifying new diagnostic and therapeutic targets for AS.

=3 control

= si-NC

=3 si-hsa_circ_0003307
pcDNA3.1-NC

=31 pcDNA3.1-hsa_circ_0003307

control

si-NC

si-hsa_circ_0003307
pcDNA3.1-NC
pcDNA3.1-hsa_circ_0003307

ooaa

a

A growing number of studies in recent years have greatly
broadened our horizons regarding circRNA functions and

increased its value in disease diagnosis. Many circRNAs
are dysregulated in rheumatic disorders, and the clinical
significance of dysregulated circRNAs in such disorders



Adv Clin Exp Med. 2022;31(7):781-788

has been investigated previously. For example, Ouyang
et al. confirmed that circRNA_002453 may serve as a diag-
nostic marker for AS.22 They have proven that the upregu-
lated circRNA in the plasma of AS patients can aggravate
the degree of renal involvement. Wang et al. indicated that
circIBTK may also act as a therapeutic target for systemic
lupus erythematosus (SLE), and its therapeutic mechanism
might regulate DNA demethylation and downstream sig-
naling pathways by targeting miR-29b in SLE.?

These findings confirm the existence of useful informa-
tion about mRNA profiles in the PBMCs of AS patients.!
In addition, researchers have used bioinformatics meth-
ods to predict the genes that were differentially expressed
in AS, and research the role of these differential genes
in the pathogenesis of AS. This information allows us
to better understand the pathogenesis of AS, and it is pos-
sible to discover new diagnosis and treatment methods
from it. For this study, we selected circRNA_0003307.
To determine the pathway of circRNA_0003307 in AS-FLS
involved in the pathogenesis, we chose PI3K/AKT as the re-
search pathway. The reason is that PI3K/AKT plays a key
role in the pathogenesis of AS and provide a breakthrough
in AS treatment. Terlemez et al,, Yan et al. and Liu et al.
proved that miRNAs affects the phenotype of FLS in rheu-
matism by regulating the expression of PI3K/AKT, thereby
affecting the pathogenesis of rheumatism.?*-2¢ Therefore,
we speculate that there may be a regulatory relationship
between circRNA_0003307 and the PI3BK/AKT pathway.

The results of this study showed that high expression
level of circRNA_0003307 was positively correlated with
the severity of AS. Li et al. reported that the circ_0056558
level was highly expressed in AS tissue, and was achieved
through the PI3BK/AKT pathway.?” In our study, cir-
¢RNA_0003307 was overexpressed in PBMCs of AS pa-
tients compared with healthy participants. There was
a positive correlation between circRNA_0003307 levels
and ESR, CRP level, BASDAI, and BASFI. Luo et al. dem-
onstrated that low expression of /sa_circ_0079787 in pe-
ripheral blood of AS patients was negatively correlated
with BASDAI which was in concert with our data.?® Col-
lectively, the expression level of circRNA_0003307 was
associated with disease activity.?’

CircRNA_0003307 activated the PI3K/AKT signaling
pathway and affected the expression of the downstream
inflammatory factors — TNF-a and TNFAIP2. The results
of the study confirmed our hypothesis stating that the pro-
tein expression of p-PI3K and p-AKT was altered by both
overexpression and knockdown of circRNA_0003307.
Li et al. demonstrated that /4sa_circ_0056558 inhibited
the PI3BK/AKT pathway by targeting miR-1290 in AS,
and reduced the protein expression of p-AKT.?” A fur-
ther analysis showed that the overexpression of cir-
¢RNA_0003307 markedly increased the protein expression
level of p-PI3K and p-AKT. However, for circRNA_0003307
knockdown, the protein expression level was significantly
reduced. Thus, PI3K/AKT is involved in immune-mediated
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inflammatory responses. Simultaneously, the findings
showed that the overexpression of circRNA_0003307 in-
creased the expression of the downstream inflammatory
factors — TNF-a and TNFAIP2, while the knockdown
of circRNA_0003307 showed the opposite results, reduc-
ing the expression of TNF-a and TNFAIP2.

Kou et al. demonstrated that circRNAs may be in-
volved in the PI3BK/AKT signaling pathways associated
with inflammation-induced apoptosis in chondrocytes.?°
The activation of p-PI3K could induce downstream p-AKT.
Inflammatory cytokines, such as TNF-a and interleukin 17
(IL-17), are involved in the pathogenesis of AS.3! Taken to-
gether, the expression level of circRNA_0003307 is closely
related to the AS inflammatory response.

Limitations

This study has certain limitations. In our subjects,
we found that the overexpression of circRNA_0003307 in-
creased the levels of p-PI3K, p-AKT, TNF-a, and TNFAIP2
in AS-FLS. The knockdown of circRNA_0003307 showed
the opposite results, reducing the expression of p-PI3K, p-
AKT, TNF-a, and TNFAIP2. However, the detailed mecha-
nism of circRNA_0003307-targeted activation of the PI3K/
AKT pathway remains unclear. We also lacked patients
with other autoimmune diseases as a control group to clar-
ify that circRNA_0003307 is specific to AS.

Conclusions

The present study revealed that the knockdown of cir-
¢RNA_0003307 inhibits synovial inflammation in AS
by regulating the PI3K/AKT pathway. In addition, the ex-
pression level of circRNA_0003307 was associated with
disease activity. The circRNA_0003307 was highly ex-
pressed in AS-PBMCs and AS-FLS, and circRNA_0003307
knockdown reduced the inflammatory response of AS-FLS
by regulating the PI3K/AKT pathway. These findings sug-
gest that targeting circRNA_0003307 offers a promising
therapeutic strategy for AS patients and may serve as a po-
tential target for AS treatment. Based on these findings, our
research team will explore the possible competing endog-
enous RNA molecular mechanism of circRNA_0003307
in future studies of AS.
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Abstract

Background. (—)-Epigallocatechin-3-gallate (EGCG) is an active constituent of green tea, whose efficacy
on chemoprevention and chemotherapy has been extensively researched. Its anticancer potency with low
toxicity and easy administration allows for its widespread use. Bortezomib, a proteasome inhibitor, has
asignificantinfluence on multiple myeloma (MM) in chemotherapy. Previous studies about the role of EGCG
in the antitumor effect induced by bortezomib remain controversial.

Objectives. In our study, the effect of EGCG on the antitumor activity of bortezomib was investigated
in myeloma cell lines U266 and RPMI8226, and the underlying mechanism was explored.

Materials and methods. The effect of EGCG on the antiproliferative and pro-apoptotic activities of bort-
ezomib were investigated in myeloma cells using MTT assay and cell cycle analysis, respectively. The Wnt/p-
catenin signaling pathway and related proteins were involved in this antagonistic effect and measured with
western blot assay.

Results. Our results showed the inhibitory activity of EGCG on myeloma cells in a time- and dose-dependent
manner. The EGCG neutralized the antiproliferative and pro-apoptotic effectinduced by bortezomib by activat-
ing Wnt/B-catenin signaling pathway with the accumulation of B-catenin. An increase of the downstream
target proteins as Myc and cyclin D1 was also observed. was also observed. These findings demonstrated
the antagonistic role of EGCG in the antitumor effect of bortezomib likely through the activated Wnt/B-catenin
signaling pathway and the uprequlated target proteins.

Conclusions. When bortezomib is involved in the MM chemotherapy, the consumption of green tea should
be avoided in order to maintain the biological efficacy of bortezomib.

Key words: multiple myeloma, bortezomib, Wnt/B-catenin, apoptosis, (—)-epigallocatechin-3-gallate
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Background

Multiple myeloma (MM) is one of the most common he-
matological malignancies, characterized by abnormal and
out-of-control proliferation of plasma cells in bone marrow
and monoclonal immunoglobulins, or immunoglobulin
chain secretion in blood and/or urine in large amounts.!
Although highly efficient therapeutic agents are constantly
emerging to improve the prognosis and the quality of life in
a much better way than before, MM remains incurable.??
At the same time, notable adverse effects of drugs and
disease recurrence due to drug resistance became the key
problems in treatment failure.* Therefore, it is paramount
to develop novel therapeutic strategies with high efficiency
and low toxicity.

Green tea is recognized as one of the favorite beverages
for people of all ages worldwide, bringing health benefits
and reducing the risk of diseases. (-)-Epigallocatechin-
3-gallate (EGCQ), the main active ingredient of catechins
in green tea, exhibits antioxidative, anti-inflammation,
as well as antimicrobial and antitumor activity.”~” Re-
cently, many studies have identified the antiproliferative
role of EGCG on carcinomas such as osteosarcoma, lung
cancer, gastric cancer, melanoma, and so on; it may be
involved in cell cycle modulation, induction of apopto-
sis and inhibition of angiogenesis.®~!! However, the an-
titumor activity of EGCG on MM cells, especially when
combined with proteasome inhibitors, as well as the re-
lated mechanism, is still unknown. Researchers consid-
ered that EGCG could counteract the antitumor effects
of boronic acid-based proteasome inhibitors. Conversely,
the synergistic effect of EGCG and proteasome inhibitors
on growth inhibition on myeloma cells was also identified
by other researchers.

The Wingless-Int (Wnt)/p-catenin signaling pathway
plays an important role in regulating the cell prolifera-
tion and differentiation in various human cancers.!>13
In MM, recent studies indicated that Wnt/p-catenin
signaling pathway is activated by Wnt regulatory com-
ponents, including deletion of tumor suppressor and
overexpression of the co-transcriptional activator.!
Evidence provided by Sukhdeo et al. demonstrated that
a small molecular compound, PKF 115-584, downregu-
lates the Wnt/p-catenin signaling pathway, resulting
in suppressing tumor growth in vitro and in vivo.!> Zhao
et al. found that miR-30-5p, one of the tumor suppres-
sor microRNAs, is downregulated in MM and further
enhances the expression of BCL9.'* The BCL9, which
is a coactivator for transcription in the Wnt signaling
pathway, promotes myeloma cells proliferation, migra-
tion and invasion. The reproducibility of miR-30-5p
as a therapeutic approach can reduce tumor loading
and metastasis in vivo. These findings imply that Wnt/
B-catenin signaling pathway is on the way to become
a candidate for targeted therapy in MM.

X. Qiu, X. Wu, W. He. EGCG negates the effect of bortezomib on MM

Objectives

The objective of this research was to investigate the ef-
fect and underlying mechanism of EGCG on the antitumor
activity of bortezomib in myeloma cells.

Materials and methods
Materials

The EGCG (Mw 458.4, purity >295%; Sigma-Aldrich, St.
Louis, USA) was dissolved in water for storage at 2—8°C.
Bortezomib (Velcade; Millennium Predictive Medicine,
Inc., Cambridge, USA) was dissolved in saline at 10 mM for
storage at —20°C. Rabbit antibody against 3-catenin, mouse
antibody against cyclin D1, mouse antibody against c-Myc,
mouse antibody against [3-actin, and fluorescein isothiocya-
nate (FITC)-conjugated secondary antibody were all pur-
chased from Santa Cruz Biotechnology (Santa Cruz, USA).

Cell lines and cultures

Human MM cell lines RPM18226 and U266 were provided
by Hematology Institute of Zhejiang University, Zhejiang,
China, and normal hematopoietic cells were obtained from
peripheral blood of healthy volunteers who signed informed
consent. Mononuclear cells were harvested using density
gradient centrifugation at 3500 rpm for 20 min with Ficoll-
Hypaque Solution (Sigma-Aldrich). All cells were cultivated
in RPMI-1640 (Gibco, Waltham, USA) supplemented with
10% fetal bovine serum (FBS; Invitrogen, Waltham, USA)
and penicillin-streptomycin solution (100 U/mL penicillin
and 0.1 mg/mL streptomycin; Siji Qing Biotech, Hangzhou,
China), and grown at 37°C in a humidified incubator with
5% carbon dioxide atmosphere.

Cell viability assay

The RPM18226 and U266 cells were grown with 1 x 10*
cells per well in 96-well plates and incubated with increas-
ing concentrations of EGCG as 10 uM, 20 uM and 40 uM
for 24 h, 48 h and 72 h, respectively. Then, 20 pL of 5 mg/
mL 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium
bromide (MTT; Sangon Biotech, Shanghai, China) was
added for another 4 h. The MTT formazan crystals were
then dissolved with Dulbecco’s modified Eagle’s medium
(DMEM) and their optical density (OD) was examined
at 570 nm. All the experiments were performed in tripli-
cate independently.

To detect the effect of EGCG combined with bortezo-
mib on cell growth, U266 and RPMI8226 cells were incu-
bated with EGCG (10 pM, 20 pM and 40 uM) alone and
in combination with bortezomib (10 nM, 20 nM, 50 nM,
100 nM, and 200 nM) for 24 h. The MTT assay was used
to determine the cell viability as described above.
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Cell cycle analysis
and apoptosis detection

The RPMI8226 cells were incubated with 5 x 10° cells per
well in 6-well plates with EGCG (20 uM) for 24 h at a concen-
tration of O uM, 10 uM, 20 uM, and 40 pM. The RPM18226
cells were incubated with the combination of EGCG (20 M)
and bortezomib (20 nM) for 24 h. Then, the cells were col-
lected and fixed using 70% cold ethanol overnight, and
stained with 50 pg/mL propidium iodide (PL; Sigma-Aldrich)
for 30 min at 4°C. The FACScan flow cytometry (Becton
Dickinson Biosciences, San Jose, USA) was used to analyze
the cell cycle distribution. Double staining with Anexin-V
fluorescein (AV; Sigma-Aldrich) and PI were used to iden-
tify the cell apoptosis. After incubation in the dark at room
temperature for 15 min, flow cytometry method (FCM)
could quantitatively detect the apoptotic cells.

Western blotting assay

The RPM18226 cells were treated with EGCG (0 pM,
10 pM, 20 pM, and 40 pM) alone and with the combination
of EGCG (20 uM) and bortezomib (20 nM) for 24 h. These
cells were then collected and dissolved in protein extraction
reagent (Pierce Chemical, Rockford, USA). The total cellu-
lar protein was extracted, separated using sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to polyvinylidene difluoride (PVDF) membranes
(Bio-Rad, Hercules, USA). Tris-buffered-saline (TBS) with
5% skim milk and 0.1% Tween-20 was supplied to block
the nonspecific antibodies binding on the membranes for
2-3 h. After that, primary antibodies were added and al-
lowed to culture overnight with the cells at 4°C. The mem-
branes were washed 3 times with TBS mentioned above and
secondary antibodies were used at room temperature for 1 h.
The electrochemiluminescence (ECL) kit (Pierce Chemical)
was applied to detect the specific immunoreactive bands,
according to the manufacturer’s protocols.
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Statistical analyses

All analyses were conducted using IBM SPSS v. 20.0
(IBM Corp., Armonk, USA) and all data were demon-
strated as mean * standard deviation (SD). The difference
of cell viability was analyzed with two-way repeated-mea-
sure analysis of variance (ANOVA) with 2 factors — time
and drug concentration. The effects of 2 different drugs
on cell viability was analyzed with two-way ANOVA.
The discrepancies of the percentage of apoptotic cells and
the protein levels between groups were analyzed with one-
way ANOVA. The pairwise comparisons between each
2 groups were based on the post hoc analysis of least sig-
nificant difference (LSD). Values of p < 0.05 were consid-
ered statistically significant.

Results
EGCG inhibits MM cells proliferation

The MTT assay was applied to explore the effects
of EGCG on the viability of myeloma cell lines as RPM18226
and U266. As demonstrated in Fig. 1A,B, EGCG played
a significantly inhibitory role on proliferation of both
RPMI8226 and U266 cells in a time- and dose-dependent
manner, when compared with the control ones. Our re-
sults indicated that EGCG had the antiproliferative effect
on MM cells without cytotoxic effects on normal hema-
topoietic cells.

EGCG neutralizes the growth inhibiting
effect of bortezomib on MM cells

As was shown in our data, the inhibitory influence
of bortezomib on the myeloma cells proliferation was
dose-dependent — it increased with concentration.
To further investigate the effect of EGCG combined with
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Fig. 1. (-)-Epigallocatechin-3-gallate (EGCG) showed the cell viability inhibition in myeloma cells: (A) RPMI8226 and (B) U266. The myeloma cells were
incubated with EGCG at a concentration of 10 uM, 20 uM and 40 uM for 24 h, 10 uM, 20 uM and 40 uM for 48 h and 10 uM, 20 uM and 40 uM for 72 h.
The cell viability inhibition in a time- and dose-dependent relationship was detected with MTT assay
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Fig. 2. The antagonistic effect of (—)-epigallocatechin-3-gallate (EGCG) on the viability inhibition by bortezomib in myeloma cells: (A) RPMI8226 and (B)
U266. The myeloma cells were incubated with EGCG at a concentration of 10 uM, 20 uM and 40 uM and bortezomib (10-200 nM) for 24 h. The antagonistic
effect of EGCG on the antiproliferative role of bortezomib was detected using MTT assay

bortezomib, RPMI18226 and U266 cells were incubated reduced cell apoptosis when compared with bortezomib

with EGCG at a concentration of 10 M, 20 uM and 40 uM alone, which demonstrated that EGCG reversed the cell

and bortezomib (10-200 nM) for 24 h in vitro. Figure 2 apoptosis induced by bortezomib.

shows that the myeloma cell viability was significantly in-

creased under the combination of 2 drugs when measured Wnt/B-catenin signaling pathway

with MTT assay, as compared with the group treated with is activated when EGCG combined

bortezon.lil? alf)ne. These Fesults demf)nstrated that EGQG with bortezomib

could minimize the antitumor efficacy of bortezomib

on myeloma cells. To further explore the mechanism of blocking the antip-
roliferative and pro-apoptotic effect of bortezomib on MM

EGCG neutralizes the apoptosis of MM cells cells by ECCG, the proteins related to Wnt/B-catenin sig-

induced by bortezomib naling pathway were investigated using western blot assay.
As mentioned in Fig. 4, B-catenin was largely unchanged

The percentages of apoptotic cells were analyzed af- when RPM18226 cells were exposed to EGCG (10 uM,

ter RPMI8226 cells were treated with EGCG, at a con- 20 uM and 40 pM) alone. Furthermore, B-catenin was

centration of 10 pM, 20 uM and 40 pM alone and with downregulated when exposed to bortezomib alone, which

the combination of 2 drugs (20 uM of EGCG and 20 uM could be highly expressed when EGCG and bortezomib

of bortezomib) for 24 h. As shown in Fig. 3A, cell apoptosis were added together. Similar results were also observed
increased significantly along with the rise in concentra- in the protein levels of downstream target genes like c-Myc
tion of EGCG, as compared with the controls. Addition- and cyclin D1, which are responsible for promoting cell pro-

ally, the combination of EGCG and bortezomib obviously liferation and inhibiting cell apoptosis. The upregulated
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Fig. 3. A. (-)-Epigallocatechin-3-gallate (EGCG) induced the apoptosis of myeloma cells. The myeloma cells RPMI8226 were incubated with EGCG

at a concentration of 10 uM, 20 uM and 40 pM for 24 h. The percentage of apoptotic cells was detected with cell cycle analysis. The result showed that cell
apoptosis was induced by EGCG in a dose-dependent manner; B. The neutralizing effect of EGCG on the apoptosis of myeloma cells RPMI8226 induced
by bortezomib. The myeloma cells RPMI8226 were incubated with EGCG at a concentration of 20 pM in combination with bortezomib at a concentration
20 nM for 24 h. The neutralizing effect of EGCG on the pro-apoptotic role of bortezomib was observed.
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Fig. 4. Wnt/B-catenin signaling pathway and the downstream targets (c-Myc and cyclin-DT) were involved in the neutralizing effect of the combination
of (-)-epigallocatechin-3-gallate (EGCG) and bortezomib in myeloma cells. The myeloma cells RPMI8226 were incubated with EGCG at a concentration
of 20 uM in combination with bortezomib at a concentration of 20 nM for 24 h. Compared with the cells treated with bortezomib alone, upregulated

expressions of 3-catenin, c-Myc and cyclin-D1 were observed.

expressions of c-Myc and cyclin DI were significant when
RPMI8226 cells were exposed to the combination of 2
(EGCG and bortezomib), compared with the exposure
to bortezomib alone. Our results indicate that EGCG has
an antagonistic effect on the antitumor effect of bortezo-
mib through the cumulation of B-catenin and activation
of downstream proteins.

Discussion

The promising effects produced by EGCG against
the development of various cancers have received a great
deal of attention for decades. In hematological malig-
nancy like MM, EGCG also exhibits remarkable anti-
tumor effect properties and the underlying mechanism
has been investigated. Masood et al. identified the ef-
ficacy of EGCG on growth arrest and apoptosis promo-
tion in MM cells in vitro and in vivo, and they found
that the 67-kDa laminin receptorl (LRI) played a crucial
part in mediating the biological activity of EGCG.Y Fur-
thermore, Zhou et al. confirmed the enhancer of zeste
homolog2 (EZH2), which was a member of Pc-G fam-
ily, to be inactivated in the antitumor effect of EGCG
on MM cells.’® The mitochondrial apoptosis pathway was
also involved. MST-312 is an another modified deriva-
tive of EGCG which was named as telomerase inhibitor
and induces apoptosis of myeloma cells via modulating
apoptotic-related genes.

As EGCG can be administered orally, researchers had
high hopes for augmenting the antitumor outcome of che-
motherapy in clinical use when EGCG was added. Unex-
pectedly, Encouse et al. discovered that EGCG effectively
blocked myeloma cells death induced with bortezomib
in vitro and in vivo.?® This antagonistic function was per-
formed via a direct reaction with the boronic acid group
of bortezomib, which resulted in the discontinuation of en-
doplasmic reticulum stress induction and inactivation

of caspase-7. Qing et al. demonstrated that when the con-
centration of EGCG increased, the combination of EGCG
and bortezomib played a synergistic role in inhibiting cell
proliferation and inducing apoptosis, and that the NF-xB
pathway was involved.?! These results implied that various
concentrations of EGCG had completely opposite effects
on the anticancer role of bortezomib, and the underly-
ing mechanism was still not clear and required further
investigation.

In our study, the proliferation inhibition and apoptosis-
inducing effect of EGCG on MM cells was demonstrated.
The EGCG played an antagonistic role in growth inhibi-
tion induced by bortezomib. Moreover, we found that
the number of apoptotic cells was decreased significantly
in combination with bortezomib when compared with
the effect of bortezomib alone. Especially with the con-
centrations of bortezomib of 20 nM and EGCG also
of 20 uM, the combination of these 2 drugs maximized
the impact of antagonism. Based on this result, we chose
these concentrations to study the underlying mechanism
further. As it is commonly known, the canonical Wnt
signaling pathway, which is one of the most essential regu-
lators for embryogenesis and homeostasis, is conserved
evolutionarily in mammals.?>?® Abnormal inactivation
of Wnt/p-catenin signaling pathway is closely correlated
with tumorigenesis.?* When B-catenin is accumulated
in the cell nucleus, its binding to the TCF/LEFs makes
the downstream target genes upregulate.?> Our study
demonstrated that significant accumulation of $-catenin
was found when EGCG and bortezomib were combined
as compared to the effect of bortezomib alone; such ac-
cumulation subsequently activated the downstream tar-
get genes as c-Myc and cyclin-DI, and finally induced
the growth, proliferation and differentiation of tumor
cells. These results indicate that EGCG exerts an an-
tagonistic effect on the antitumor effect of bortezomib
in MM cells, probably by activating Wnt/p-catenin sig-
naling pathway.
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Limitations

Our study has some limitations. Although the inhibitory
role of EGCG on the antiproliferative and pro-apoptotic
effect of bortezomib in myeloma cells was verified, we also
found that the combination of bortezomib (20 nM) and
EGCG (20 uM) maximized the antagonism, which was
not in a dose-dependent relationship, and the mechanism
was still unclear. Moreover, whether other crucial signal-
ing pathways also took part in this antagonistic function
requires further investigations.

Conclusions

Our results illustrate that EGCG had the anti-prolifera-
tive and pro-apoptotic effects on myeloma cells. Further-
more, it neutralized the antiproliferative and pro-apoptotic
effects of bortezomib on myeloma cells. The underly-
ing mechanism was probably involved in the activation
of Wnt/p-catenin signaling pathway. In summary, we fur-
ther identified the antagonistic effect of EGCG in com-
bination with bortezomib, and provided another insight
into the underlying mechanism. As a widely consumed
drink throughout the world, green tea, in which EGCG
is the most abundant and active ingredient, should be
avoided by MM patients regularly receiving the chemo-
therapy including bortezomib.
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Abstract

Background. Esophageal canceris one of the mostlethal tumors worldwide. The most common histological
type in China is esophageal squamous cell carcinoma (ESCC), accounting for 90% of cases. Esophageal cancer
occurs at a high incidence in certain areas, among which China has the highest incidence. Although various
therapeutic strategies have been used in clinical treatment, the 5-year survival rate is still not satisfactory,
asitis only 15-20%. The reason for the poor prognosis of ESCCis that the distant metastasis easily occurs
in these tumors. However, the mechanism of metastasis has not been studied clearly.

Objectives. To investigate the function of hypoxia-inducible factor-2a (hif-2a) in ESCC.

Materials and methods. Immunohistochemistry and immunofluorescence were used to detect the expres-
sion of hif-2a in tissues and cells. Clinicopathological data from 100 ESCC patients were used to investigate
the relationship between hif-2a and prognosis. Cell experiments (Cell Counting Kit-8 (CCK-8) assay and
transwell migration assays) were utilized to verify the roles of hif-2a on the ESCC cells. Western blotting
was used to explore the mechanism of hif-2a in ESCC. Mouse model was used to clarify the effect of hif-2a
on ESCCcells in vivo.

Results. The hif-2a was overexpressed both in ESCC tissues and cells, and was related with poor prognosis
in ESCC patients. The CCK-8 assay evidenced that silencing hif-2a suppressed the proliferation of ESCC cells,
while transwell assay — that overexpression of hif-2a promoted the migration of ESCC cells. Western blot assay
indicated that hif-2a requlated epithelial—mesenchymal transition (EMT) through Notch pathway in ESCC
cells. Mouse model showed that silencing hif-2a significantly suppressed the proliferation of ESCC cells in vivo.

Conclusions. The hif-2a promotes EMT in ESCC through the Notch pathway.

Key words: esophageal squamous cell carcinoma, Notch signaling pathway, epithelial—mesenchymal
transition, hypoxia-inducible factor-2a
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Background

Esophageal cancer is one of the most lethal tumors
worldwide. The most common histological type in China
is esophageal squamous cell carcinoma (ESCC), accounting
for 90% of cases.! Esophageal cancer occurs at a high inci-
dence in certain areas, among which China has the highest
incidence.! Although various therapeutic strategies have
been used in clinical treatment, the 5-year survival rate
is still not satisfactory, as it is only 15-20%.2 The reason
for the poor prognosis of ESCC is that the distant metas-
tasis easily occurs in these tumors,?® especially lymphatic
metastasis.* However, the mechanism of metastasis has
not been studied clearly.

It has been reported that hypoxia can induce ESCC
to undergo EMT through several mechanisms, in which
hypoxia-inducible factor-la (hif-1a) plays an important
role.> The overexpression of hif-la correlates with lymph
node metastasis and poor prognosis in patients with ESCC.°
The hif-2a is a member of the hypoxia-inducible factor fam-
ily and is homologous to hif-1a. It has been reported to play
important roles in several cancers.” The hif-2a is persistently
upregulated under mild hypoxia conditions and can regu-
late the epithelial-mesenchymal transition (EMT) process
through crosstalk with Wnt/(-catenin signaling in pancre-
atic cancer.® However, there have been no studies on the role
of hif-2a in ESCC yet. Therefore, the role of hif-2a in ESCC
is still unknown and requires further investigation.

The Notch signaling pathway is an evolutionarily con-
served local cell signaling pathway that participates in a va-
riety of cellular processes. These processes include cell
differentiation, proliferation, apoptosis, adhesion, EMT,
migration, and angiogenesis, and Notch signaling pathway
affects embryonic development, tissue balance and whole-
body immunity.” The Notch signaling pathway has been
reported to act as an oncogene in various cancers, includ-
ing lung cancer, breast cancer, colorectal cancer, prostate
cancer, T-cell acute lymphoblastic leukemia (T-ALL), and
other malignancies.'® The Notch signaling has been proven
to have crosstalk with hif-la in some types of cancers,
and this crosstalk consequently results in changes in EMT
markers, such as breast cancer.!! Moreover, some studies
have shown that aberrant activation of Notch signaling
plays important roles in the progression of ESCC and pre-
dicts poor prognosis in ESCC patients.!? However, the spe-
cific mechanism of Notch signaling in ESCC remains un-
known, especially the mechanism by which it regulates
the EMT process.

Objectives

In this study, we investigated the role of hif-2a by regu-
lating EMT in ESCC through the Notch signaling pathway
and identified hif-2a as a factor that predicts poor prog-
nosis in ESCC patients.

Jietal. hif-2a promote EMT in ESCC

Materials and methods
Patients

One hundred patients who were diagnosed with ESCC
and underwent esophageal cancer surgery in the Depart-
ment of Thoracic Surgery at Shandong Provincial Hospital,
Jinan, China, from January 2014 to December 2015, were
included in this project. The inclusion and exclusion cri-
teria were as follows:

1. ESCC confirmed by pathology after surgery;

2. chemotherapy and radiotherapy not administered
to patients before surgery;

3. contraindications of surgery excluded during preop-
erative examination;

4. patients who died due to complications or accidents
after surgery were excluded.

The tumor was completely excised in all patients, and no
tumors were visible to the naked eye in the surgical field.
The upper and lower resection margins were determined
to be cancer cell-negative by pathology. The TNM stage
was determined using the 8" edition of TNM staging cri-
teria for esophageal cancer in 2017 according to the Inter-
national Union Against Cancer.

The experimental protocol and informed consent proce-
dure were in compliance with the Declaration of Helsinki.
The study was approved by the ethics committee of the in-
stitutional ethics committee of Shandong Provincial Hos-
pital Affiliated to Shandong First Medical University (ap-
proval No. SWYX:NO.2022-109) according to the Guide
for Chinese Ethics Review Committees, and informed con-
sent was obtained from all individual participants included
in the study. Written informed consent was obtained from
the patients for publication of their individual details and
accompanying images in this manuscript.

Cell culture and reagents

Esophageal squamous cell carcinoma cell lines (Eca-109
and KYSE-150) were obtained from the Shanghai Institutes
for Biological Sciences (Shanghai, China). The KYSE-150
cells were cultured in Roswell Park Memorial Institute
(RPMI)-1640 medium (GE Healthcare Life Science, Logan,
USA). The Eca-109 cells were cultured in high-glucose
Dulbecco’s modified Eagle’s medium (DMEM; Gibco,
Logan, USA). Both media were supplemented with 10%
fetal bovine serum (FBS, Biological Industries, Kibbutz
Beit Haemek, Israel). All cells were cultured at 37.0 +0.2°C
in a humidified incubator with 5.0% CO,. Before exposure
to the hypoxic environment (3.0% O,), cells were cultured
under normoxic conditions and grown to approx. 60% con-
fluence. Then, the cells were cultured in a low-oxygen en-
vironment in a hypoxic incubator (Thermal Tech, Orlando,
USA) for the indicated duration. Cobalt chloride (CoCl,)
was purchased from Sigma-Aldrich (St. Louis, USA)
and used at 50 mM concentration for 48 h. The Notch
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antagonist CB-103 was purchased from MCE (HY-135145;
MedChem Express, Monmouth Junction, USA) and was
used at 20 mM for 48 h.

Transfection

Transfections were performed using Lipofectamine 3000
(Invitrogen, Carlsbad, USA) according to the manufac-
turer’s instructions. All experiments were performed af-
ter the transfection medium was replaced by complete
medium after 24 h of treatment. The hif-2a overexpres-
sion plasmid and silencing siRNAs were designed by and
purchased from GeneChem Company (Shanghai, China).

CCK-8 assay

Prior to using Cell Counting Kit-8 (CCK-8), the cells
were seeded in 96-well plates at 2000 cells per well for spe-
cific treatments. Cell viability was evaluated using CCK-8
(Dojindo, Kumamoto, Japan). After incubating the cells
with CCK-8 working solution for 30 min, the absorbance
was measured at 450 nm using an ELx808 microplate
reader (BioTek, Santa Clara, USA). Relative cell viability
was expressed as a percentage of a particular control.

Transwell assay

The tumor cell infiltration activity was evaluated by its
ability to penetrate the gel matrix (Matrigel; Becton Dick-
inson, Franklin Lakes, USA). In short, the Matrigel solu-
tion was diluted 1:8 in FBS-free medium and filtered with
6.5 mm diameter (8-pm holes) polycarbonate in a 24-well
transwell box (Corning, USA) for film coverage. All filters
were filled with 40 mL of working solution, and the plates
were cured at 37°C for at least 5 h. Tumor cells were seeded
at a density of 2 x 10° in each chamber. They were cultured
in the upper compartment of the chamber in FBS-free me-
dium for 48 h, and the lower chamber was filled with com-
plete medium. The filter was wiped with a cotton swab,
and the cells attached to the bottom were fixed with 4%
formaldehyde polyphosphate (Beyotime, Shanghai, China).
After staining with crystal violet (Beyotime), the cells with
greater infiltration capacity were counted. The experiment
was independently repeated 3 times.

Immunohistochemistry
and immunofluorescence

The immunohistochemistry study was carried out using
the streptavidin-peroxidase method. Formalin-fixed and
paraffin-embedded ESCC tissue was cut into 5-um thick
sections, deparaffinized and then incubated with hydro-
gen peroxide. Goat serum was used at room temperature
for 1 h for blocking before the primary antibody was ap-
plied. The primary antibodies used to perform immuno-
histochemistry were as follows: anti-hif-2a (NB100-122;
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Novus, St Charles, USA), anti-E-cadherin (20874-1-AP),
anti-N-cadherin (22018-1-AP), and anti-vimentin (10366-
1-AP). These antibodies were purchased from Proteintech
(Beijing, China). The primary antibody was added to tis-
sue slides and incubated overnight at 4°C. The next step
followed the instructions of the secondary biotinylated
antibody kit (Zhongshan Biotech, Guangzhou, China).
The stained slides were independently evaluated by 2
observers.

Before immunofluorescence staining was performed,
4% polyphosphate formaldehyde was used to fix the cells
for 15 min. After incubation with 1% Triton for 30 min,
the cells were blocked with goat serum for 1 h at room tem-
perature. Then, the cells were incubated overnight at 4°C
with rabbit anti-hif-2a antibody (NB100-122; Novus) and
incubated with secondary antibodies conjugated to flu-
orescent dyes for 1 h at room temperature in the dark.
After counterstaining with 4',6-diamidino-2-phenylin-
dole (DAPI) (C0065; Solarbio, Beijing, China) for 5 min,
the cells were observed under an inversion fluorescence
microscope.

Protein extraction and western blotting
Mouse model

The Eca-109 cells transfected with siRNA and nega-
tive-control lentivirus were used to investigate the effect
of hif-2a on tumor progression in vitro. Sixteen 5-week-
old female BALB/c nude mice were randomly divided into
2 groups, with 8 mice in each group. The negative control
(NC)-siRNA and siRNA cells (1 x 10°) were independently
injected subcutaneously into the flanks of mice. Then,
the tumor sizes were measured every 5 days and weighed
after 20 days. The following formula was used to calcu-
late the volume of the tumor: V = L x W2/2, in which
Lis the largest and W is the smallest diameter. The proto-
col was approved by the ethics committee of the Provincial
Hospital affiliated with Shandong First Medical University,
Jinan, China (approval No. LCY]:NO.2019-164).

Statistical analyses

The statistical data are presented as the mean + stan-
dard deviation (SD). Tests of normality and homogeneity
of variance were performed before the analysis of differences
(Supplementary Table 1). The analysis of differences between
the 2 groups was performed using Student’s t test and mul-
tiple groups were compared using one-way analysis of vari-
ance (ANOVA) if the data were normally distributed and had
uniform variance. Otherwise, Mann—Whitney test was used
to analyze differences between the 2 groups and multiple
groups were compared using Welch'’s test. Regarding the post
hoc analysis among multiple groups, Bonferroni’s test was
used if the data had uniform variance. Otherwise, Tam-
hane’s T2 test was used. The relationships between hif-2«
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and clinicopathological information displayed in Table 1
were calculated using Fisher’s test. The information of Ka-
plan—Meier curve is presented in Supplementary Table 2.
The multivariate Cox regression and verification of assump-
tion of proportional hazard (Supplementary Table 3) were
performed using IBM SPSS software v. 24.0 (IBM Corp., Ar-
monk, USA). In the multivariate Cox regression, age, gender,
hif-2a, maximal dimension of tumor, lymph node metastasis,
and TNM stage were explanatory variables, while response
variables were survival time and outcome status. Differ-
ences were considered to be significant if the p-value <0.05.
The IBM SPSS v. 24.0 and GraphPad Prism v. 7 (GrahPad
Software, San Diego, USA) statistical software were used
to perform all statistical calculations and to construct graphs.

Results

Hif-2a is overexpressed in ESCC
and relates with poor prognosis

To investigate whether hif-2a is overexpressed in ESCC
tissues and cell lines, immunohistochemistry and immu-
nofluorescence were performed. Immunohistochemistry
showed that ESCC tissues expressed high levels of hif-2a,
but hif-2a was hardly detected in normal esophageal
epithelial cells (Fig. 1A,B). In addition, the results show
that hif-2a is mainly aggregated in the nucleus, which
is consistent with the transcription factor role of hif-2a.
Immunofluorescence results suggested that hif-2a could
be detected in the ESCC cell lines Eca-109 and KYSE-
150 under normoxia conditions and was located mainly
in the nucleus (Fig. 1C,D), which is consistent with the im-
munohistochemistry results.

The relationship between hif-2a expression levels and
clinical factors in ESCC patients was also studied. The ex-
pression level of hif-2a was divided into high and low groups
according to the H-score. The overexpression of hif-2a was
significantly related with lymph node metastasis (p = 0.009)
and tumor stage (p = 0.018) (Table 1). In addition, the hif-2«
expression level was a predicting factor for prognosis (haz-
ard ratio (HR): 4.538; 95% confidence interval (95% CI):
[1.426; 14.44], p = 0.01) (Table 2). Moreover, lymph node
metastasis was also indicated to be a prognostic factor (HR:
2.411; 95% CI: [1.284; 4.527], p = 0.006) (Table 2). To inves-
tigate the relationship between the hif-2a expression level
and overall survival (OS) of patients with ESCC, a Kaplan—
Meier curve was constructed, and the results showed that
patients with a low expression level of hif-2a had a greatly
improved OS rate (p = 0.015) (Fig. 1E).

Hypoxia induces EMT and hif-2a
overexpression in ESCC

Two esophageal cancer cell lines were used to mimic hy-
poxia-induced EMT. As expected, morphological changes
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Table 1. Relationships between hypoxia-inducible factor-2a (hif-2a)
expression and the clinicopathological information in 100 esophageal
squamous cell carcinoma (ESCC) patients

Variable hif-2a low hif-2a high p-value (Fisher’s test)
Gender
Male 38 50 0.062
Female 9 3
Age
<60 28 24 0.167
>60 19 29

Maximal dimension of tumor
<5 26 30 1.000
>5 21 23

Lymph node metastasis

Yes 17 34 0.009
No 30 19

Stage
[l 30 21 0.018
[1151% 17 32

Table 2. Multivariate Cox regression analysis of the indicated factors for
patient survival

Variable

HR (95% Cl)

p-value

Age (=60/<60) 1.008 [0.573; 1.775] 0.978
Gender (male/female) 1.204[0.542;2.676] 0.648
Hif-2a (high/low) 4538 [1.426; 14.44] 0.01

Maximal dimension of tumor (=5/<5) 1.174[0.265; 5.204] 0.833
Lymph node metastasis (yes/no) 2411 [1.284; 4.527] 0.006
Stage (-lI/l1-1V) 0.207[0.37; 1.155] 0.073

95% Cl — 95% confidence interval; HR — hazard ratio; hif-2a - hypoxia-
inducible factor-2a.

of the cells were observed after treatment with hypoxic
conditions for 48 h (Fig. 2A). These findings were accom-
panied by a decreased expression of E-cadherin and in-
creased expression of hif-2a, N-cadherin, vimentin, and Snail
(Fig. 2B-D). We also used CoCl, to mimic hypoxia.!® The ex-
pression of E-cadherin was decreased, and the expression
of N-cadherin, vimentin and Snail was increased (Fig. 2E-Q).

Hif-2a promotes the proliferation and
invasion of esophageal cells

The hif-2a has been reported to promote cell prolifera-
tion and invasion in different tumors, but the role of hif-2a
in esophageal cancer cells has not yet been studied. To in-
vestigate whether hif-2a could promote proliferation and
invasion in esophageal cells, CCK-8 and transwell assays
were performed. The CCK-8 assay showed that the op-
tical density (OD) value (450 nm) of the hif-2a-silenced
group was significantly decreased at 24 h, 48 h, 72 h, and
96 h in both Eca-109 and KYSE-150 ESCC cells (Fig. 3A).
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Fig. 1. Hypoxia-inducible factor-2a (hif-2a) is overexpressed in esophageal squamous cell carcinoma (ESCC) and correlates with poor prognosis.
A,B.Immunohistochemistry showing that the hif-2a level in ESCC tissue was significantly higher than in normal tissue (N — noncancerous tissue; T — tumor
tissue; Student's t-test was used to calculate the significant difference); C,D. Immunofluorescence showing that hif-2a was overexpressed in ESCC cells
compared with normal esophageal epithelial cells (one-way analysis of variance (ANOVA) test was used to calculate the significant difference); E. Kaplan—-Meier
curve showing that patients with lower expression levels of hif-2a had significantly longer survival times than those with higher expression levels of hif-2a

OS - overall survival; DAPI - 4'6-diamidino-2-phenylindole; AOD - average optical density; *p < 0.05; **p < 0.01; ***p < 0.001.

Moreover, silencing hif-2a resulted in a strong inhibitory
effect on proliferation in Eca-109 cells. For the transwell
assay, compared to the control and NC-siRNA groups,
the number of hif-2a-silenced ESCC cells entering the tran-
swell membrane was significantly reduced (Fig. 3B,C). This
finding suggests that the invasion capability of ESCC cells
was suppressed when hif-2a was silenced. In contrast,
the hif-2a-overexpressing group showed significantly
increased cell numbers penetrating the membrane com-
pared to the control and negative control to overexpres-
sion (NC-OE) groups (Fig. 3D,E). This finding indicates
that the overexpression of hif-2a enhances the invasion
ability of ESCC cells. These results suggest that hif-2a
plays an important role in the proliferation and invasion
of ESCC cells.

Hif-2a regulates EMT through
the Notch pathway

To determine whether hif-2a could regulate EMT
in ESCC cells, western blot assay was performed to detect
the protein levels of EMT markers. Compared to the con-
trol and NC-siRNA groups, the hif-2a-silenced group
showed increased levels of E-cadherin and decreased ex-
pression levels of N-cadherin, vimentin and Snail in both
Eca-109 and KYSE-150 ESCC cells (Fig. 4A—C). Further-
more, the hif-2a overexpression group demonstrated
the opposite results (Fig. 4D—F). In addition, the expression

level of NICD, which is the active form of Notch and func-
tions as a transcriptional regulator, showed the same trend
as hif-2a (Fig. 4A,D). These results show that both EMT
and Notch could be regulated by hif-2a. Next, the inhibi-
tor CB-103 was used to study whether the Notch path-
way could regulate EMT. The CB-103 is a specific and
highly effective inhibitor of the Notch pathway. The results
showed that CB-103 could significantly reverse the EMT
process in ESCC cells (Fig. 4G-I). Furthermore, a retrial
experiment was carried out to investigate whether hif-2«
regulated EMT in ESCC cells through the Notch pathway.
The EMT process was reversed in hif-2a-overexpressing
ESCC cells after the Notch pathway inhibitor was used
(Fig. 4]J-L). These results suggest that hif-2a could regulate
EMT through the Notch pathway in ESCC cells.

Silencing hif-2a suppressed tumor growth
in a mouse model

A xenograft mouse model was used to confirm the ef-
fect of hif-2a in vivo. Compared to the NC group, the tu-
mor volume and weight of the siRNA group were mark-
edly decreased (Fig. 5A—C), and no significant difference
in the body weight of nude mice was observed (Fig. 5D).
Besides the comparison of tumor volume between
groups, comparisons within groups were also performed
(Supplementary Fig. 1). This result suggests that inhibit-
ing hif-2a significantly suppresses the growth of tumors
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Fig. 2. Hypoxia induces epithelial-mesenchymal transition (EMT) and hypoxia-inducible factor-2a (hif-2a) overexpression in esophageal squamous cell
carcinoma (ESCQ). A. Morphological changes in ESCC cells after hypoxia treatment for 48 h; B-D. Changes in the expression of hif-2a and EMT markers
in ESCC cells after hypoxia treatment; E-G. CoCl, was used to mimic hypoxia and induce EMT. Student’s t-test was used to calculate the significant

difference

N — normoxia; H — hypoxia; *p < 0.05; **p < 0.01; ***p < 0.001.

without any apparent impacts on mouse growth. Im-
munohistochemistry and western blot analyses were
performed using xenograft tumors to confirm that
hif-2a could regulate EMT through the Notch pathway
(Fig. 5E-Q). The results showed that hif-2a deficiency
could significantly suppress Notch signaling and reverse
EMT in vivo.

Discussion

Surgical resection is still considered the first line
of treatment for early and local ESCC.** However, ESCC
is generally resistant to conventional therapeutic agents.
In addition, the newest ESCC inhibitors are clinically inef-
fective. Therefore, finding new biological targets that may
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One-way analysis of variance (ANOVA) test and Welch's test were used to calculate the significant difference. *p < 0.05, **p < 0.01, ***p < 0.001.

be useful in improving the prognosis of patients with ESCC regulator in cells responsible for preventing damage from
has been a central issue in recent years. hypoxia, which is mainly regulated by the oxygen level
In recent decades, hypoxia-inducible factor (HIF) has in cells.'”® Under normoxic conditions, HIF is modified

been widely and comprehensively researched. It is a key by HIF-specific prolyl hydroxylases (PHDs), which lead
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Fig. 4. Hypoxia-inducible factor-2a (hif-2a) regulates epithelial-mesenchymal transition (EMT) through the Notch pathway. A-C. Silencing hif-2a reduced
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of variance (ANOVA) test was used to calculate the significant difference

SIRNA — silencing RNA of hif-2a; NG-siRNA — negative control to siRNA; OE — overexpression of hif-2a; NG-OE — negative control to OF; DMSO - dimethy!

sulfoxide; *p < 0.05; **p < 0.01; ***p < 0.001.

to its degradation by von Hippel-Lindau tumor suppres-
sors (pVHLSs).1* When the cell is under hypoxic conditions,
PHDs are inactivated and the VHL-dependent degrada-
tion pathway is blocked. This results in the accumulation
of HIF and the activation of downstream genes. As a mem-
ber of HIF, hif-2a has been reported to be associated with
a poor prognosis in various cancers, such as non-small-cell
lung carcinoma (NSCLC), breast cancer, colorectal can-
cer, hepatocellular cancer, and glioblastoma.” However,
the role of hif-2a in ESCC has not yet been studied. In this
study, we identified hif-2a as a key molecule that regulates
EMT, and we revealed that it can be a prognostic factor
in ESCC patients. We found that hif-2a was overexpressed
in both ESCC tissues and cell lines. The overexpression
of hif-2a in tumor tissue might be due to the hypoxic

tumor microenvironment, but the mechanism by which
hif-2a is overexpressed under normoxia in ESCC cell
lines remains unclear. A possible hypothesis could be
that the transcription is increased or that the degradation
pathway of hif-2« is impacted. However, these hypotheses
require further investigation. In addition, we discovered
the function of hif-2a in promoting proliferation and me-
tastasis in ESCC. Both the in vitro and in vivo experiments
verified the role of hif-2a in promoting the growth of ESCC
cells. The function of hif-2«a in promoting metastasis and
regulating the expression of EMT markers was also con-
firmed in our investigation. In addition, we confirmed that
hif-2a was associated with poor prognosis in patients with
ESCC, characterized by a lower 5-year survival rate and
a higher incidence of lymph node metastasis.
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The Notch signaling pathway has been studied for over
100 years; it was first described by Thomas Hunt Mor-
gan in 1917.° Previous studies have proven that Notch
functions as an oncogene in many types of cancers, and
the mechanism of how the Notch signaling pathway
works has been clearly interpreted.'” The transduction
process of the Notch signaling pathway mainly includes
the classical pathway that relies on CSL and CSL-inde-
pendent transduction pathways.!® The classical pathway
of Notch signaling is triggered by the interaction between
the Notch ligand and the receptor. Then, the Notch re-
ceptor releases the active form of the Notch protein,
that is, the intracellular segment of the ICN (NICD).!?
The NICD enters the nucleus, where it acts as a transcrip-
tion regulator. In recent decades, it has been confirmed
that Notch signaling plays important roles in regulating
the EMT process in different cancers, including esopha-
geal cancer.?’ The crosstalk between signaling pathways
in cells is an extremely complicated network, which is not
an exception for Notch signaling. It has been reported
that both hif-1a and hif-2a can regulate Notch signal-
ing in different cancers.?">> However, the relationship
between HIF signaling and Notch signaling in ESCC re-
mains unclear. In this study, Notch signaling was found
to be downstream of hif-2a. We observed that the expres-
sion of NICD, the active form of Notch, could be regu-
lated by hif-2a. As a modulator of EMT, NICD can enter
the nucleus and regulate the transcription of downstream
genes. Both EMT markers and NICD can be regulated
by hif-2a, but whether EMT is regulated by hif-2a through
the Notch signaling pathway remains unknown. There-
fore, we carried out a retrieval experiment, and the results
verified our speculation that Notch is the intermediary
of hif-2«a in regulating EMT in ESCC. As an oncogene,
hif-2a is a potential target in cancer therapy, and a specific
inhibitor of hif-2a has been proven to be efficient in clear
cell renal cell carcinoma.?® According to this study, hif-2a
plays an important role in the progression of ESCC. Thus,
hif-2a inhibitors may be a new treatment target in ESCC
therapy strategies and may improve the prognosis of ESCC
patients in the future.

Limitations

This study still has some limitations in spite of clarify-
ing the function of hif-2a in ESCC. For instance, we con-
firmed that Notch signaling pathway was downstream
of hif-2a, but the in-depth mechanism of how hif-2a regu-
late Notch signaling pathway, by pre-translational or post-
translational modification, was not clear. Furthermore,
we confirmed that hif-2a could enhance the invasion
ability of ESCC in vitro, but the experiment investigating
whether hif-2a could promote metastasis of ESCC in vivo
was not conducted because of the limitations of experi-
mental conditions. Therefore, more in-depth and extensive
research is still needed.

Jietal. hif-2a promote EMT in ESCC

Conclusions

In general, this project illuminated a protumor role
of hif-2a in esophageal cancer. The hif-2a enhanced
the proliferation and invasion ability of ESCC cells and
promoted EMT through the Notch signaling pathway.
In addition, we identified hif-2«a as an indicator of poor
prognosis in ESCC patients and found that it was associ-
ated with shorter OS and lymph node metastasis. Hence,
hif-2a may become a potential target for treating esopha-
geal cancer and might serve as a new strategy to prolong
the survival time of ESCC patients.

Supplementary data availability

The Supplementary material is available at doi:10.5281/
zenodo.6316427. The Supplementary data consist of:

Supplementary Table 1. Verification of assumption for
Student’s t test and ANOVA analysis.

Supplementary Table 2. Information of Kaplan—Meier
analysis.
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Abstract

Background. Acute respiratory distress syndrome (ARDS), an acute respiratory failure caused by noncardio-
genic pulmonary edema, was first defined by Ashbaugh et al. in 1967. The number of publications increased
enormously after the Berlin definition of ARDS was first described in 2012.

Objectives. This article intends to provide the physicians and the scientists with a reference quide to assess
the most influential publications written about ARDS.

Materials and methods. We performed an exhaustive bibliometric analysis to identify publication trends
by year, and the most influential research articles, authors, co-authors, journals, and countries. Articles
on ARDS published in Science Citation Index (SCI) and Emerging Sources Citation Index (ESCI) journals between
1980 and 2020 were examined. On December 20, 2020, the keywords “ARDS” and “acute respiratory distress
syndrome” were searched using the Web of Science Core Collection (WoSCC) database, and data including
titles, author information, abstracts, journals, and references were analyzed.

Results. A total of 4564 articles related to ARDS published between 1980 and 2020 were identified. After
excluding 192 proceedings papers, 19 early access papers, 1 book chapter, 1 research paper, and 1 re-
tracted article, 4350 articles published in SCl and ESCl journals were analyzed. The largest number of articles
(n=1557,12.8%) appeared in 2020. The average citations per article was 38.21, and 4350 articles were cited
166,885 times altogether. The USA was at the top of the list of the most productive countries with 5025 articles.
Harvard University was the most contributing institution with 244 articles. M.A. Matthay ranked as the most
productive author in ARDS research with 87 published publications.

Conclusions. The present study provided a comprehensive, illustrative analysis of ARDS articles published
in SCland ESCI journals over the past 40 years.

Key words: intensive care, bibliometric analysis, acute respiratory distress syndrome
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Background

Acute respiratory distress syndrome (ARDS) is a pro-
gressive form of sudden respiratory failure characterized
by severe hypoxemia and dyspnea. This condition, which
involves refractory hypoxemia and diffuse bilateral infil-
trates in lung radiology, was first described in 1967 by Ash-
baugh et al.! After this definition was introduced in a case
series with acute respiratory failure, it has been revised
many times. In 1988, the definition of ARDS was expanded
to include a 4-point lung injury score (0-4), the degree
of hypoxemia and static lung compliance, the positive
end-expiratory pressure level, and the extent of radiologi-
cal infiltrations.? At the American-European Consensus
Conference in 1994, a partial oxygen pressure/fraction
of inspired oxygen (PaO,/FiO,) <300 mm Hg was defined
as acute lung injury, and PaO,/FiO, ratio <200 mm Hg
was defined as ARDS.? The clinical criteria for ARDS
have also changed over time, and the current diagnostic
criteria and severity (classification) for ARDS are based
on the Berlin definition.* Currently, the diagnostic criteria
include bilateral opacities in chest imaging, an acute onset
(within 1 week of a new clinical insult), arterial hypoxemia
with a PaO,/FiO, ratio <300 mm Hg, and noncardiogenic
origin of pulmonary edema. The severity of ARDS is de-
termined by the degree of hypoxemia, with mild ARDS
defined as a PaO,/FiO, ratio of 200—300 mm Hg, moder-
ate as a PaO,/FiO, ratio of 100—200 mm Hg, and severe as
a PaO,/FiO, ratio <100 mm Hg.

Since its first description, ARDS has become a major
worldwide clinical problem, with a high morbidity, mor-
tality and healthcare cost burden.® Studies from Europe
have reported an ARDS incidence of between 5 and 7 cases
per 100,000 individuals.® In a large observational study
conducted in 2016 across 459 intensive care units (ICUs)
in 50 countries, it was revealed that 23% of mechanically
ventilated patients and 10% of critically ill patients met
the diagnostic criteria for ARDS, and that ARDS represented
0.42 cases per ICU bed over 4 weeks. The investigators also
found that the hospital mortality was 34.9% for patients
with mild ARDS, 40.3% for those with moderate ARDS and
46.1% for those with severe ARDS.” Although there is a lack
of epidemiological studies on ARDS in lower- and middle-
income countries, a recent study from Vietnam reported
a 57% ICU mortality rate for critically ill ARDS patients.?

Several risk factors triggering the onset of ARDS have
been identified. The most common risk factors include
pneumonia, non-pulmonary sepsis, pancreatitis, aspira-
tion, shock, drug overdose, surgery, and trauma.”” After
exposure to these triggers, alveolar macrophages secrete
mediators, neutrophils and alveolar epithelial cells acti-
vate, and proinflammatory mediators and chemokines
are secreted, which cause impaired vascular permeability,
gaps in the alveolar epithelial barrier and necrosis of al-
veolar cells. The intravascular coagulation cascade is also
activated, and microthrombus formation occurs. These

F. Yildirim et al. Bibliometric analysis of ARDS studies

processes result in pulmonary edema, loss of surfactant, and
debris deposition in the alveoli, in consequence decreasing
pulmonary compliance and making gas exchange diffi-
cult.’® Although this condition is severe and life-threaten-
ing, and several clinical studies have been carried out since
its first description, there is no effective pharmacotherapy
for ARDS apart from supportive therapies, such as lung-
protective ventilation and conservative volume strategies.'!

To quantify the impact of scientific articles, citation data
have been used as indicators. Academic effectiveness is un-
derstood as authorship of highly cited articles. Bibliomet-
ric analysis can identify influential articles, journals and
authors, and can guide future research.!>!3 In medicine,
bibliometric methods estimate how much impact a se-
lected article has on future research or how much impact
an author’s published article will have on the number of ci-
tations of a given issue of a journal. This method usually
quantifies the number of times an article or author is cited
after publication, and it has been used more and more often
to determine the influence of articles, books or journals.!*
In some medical fields, such as oncology,'® cardiology!®
and gynecology,'® bibliometric analyses are widely used.
Although they have been performed in some areas of in-
tensive care medicine like sepsis, acute kidney injury and
neurocritical care,'”-2° very few studies on ARDS were
undertaken.?"?2

Thus, in the present study, an exhaustive bibliometric
analysis was carried out to identify publication trends
by year, and the most influential research articles, authors,
co-authors, journals, and countries associated with ARDS
research between 1980 and 2020.

Objectives
Materials and methods

Web of Science (WoS) is one of the most commonly used
databases among academics. It provides current and de-
tailed information on many leading journals, including
publications with worldwide impact.?> On December 30,
2020, the keywords “ARDS” and “acute respiratory distress
syndrome” were searched using the WoS Core Collec-
tion (WoSCC) database. As stated above, the definition
of ARDS used within the year of publication of each article
was accepted. The publication period was between 1980
and 2020. Original research articles published in Science
Citation Index (SCI) and Emerging Sources Citation Index
(ESCI) journals were included, and WoSCC data, including
titles, author information, abstracts, journals, and refer-
ences, were downloaded in plain TXT format.

A bibliometric analysis of the raw data was performed,
and the specific analyses carried out are presented
in Table 1. An online bibliometric analysis platform and
Microsoft Excel 2016 (Microsoft Corp., Redmond, USA)
were used to generate the figures. Authors from different



Adv Clin Exp Med. 2022;31(7):807-813

809

Table 1. Software and analysis

Software | Analysis

annual production of articles in the years 1980-2020
top 15 institutions

Bibliometrix | productive authors

Biblioshiny most-cited articles in ARDS research
top 25 countries contributing to ARDS papers
top 10 journals

VOSviewer citation visualization map of the countries

ARDS - acute respiratory distress syndrome.

countries and the countries of publication were analyzed
separately for each article. For articles with more than
2 authors affiliated with 2 different countries, the article
was accounted for both countries.

Results

A total of 4564 articles related to ARDS published be-
tween 1980 and 2020 were identified. After excluding
192 proceedings papers, 19 early access papers, 1 book
chapter, 1 research paper, and 1 retracted article, 4350 ar-
ticles published in SCI and ESCI journals were analyzed.
The largest number of articles (n = 557, 12.8%) appeared
in 2020. The trend for the number of the articles published
by year is shown in Fig. 1. The average citations per ar-
ticle was 38.21, and 4350 articles were cited 166,885 times
altogether.
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Fig. 1. Articles published in the years 1980-2020

Analysis of countries

According to the WoSCC database, 4350 articles origi-
nated from 129 countries. The top 25 countries contrib-
uting to ARDS articles between 1980 and 2020 are de-
picted in Fig. 2. The USA was at the top of the list with
5025 articles. China (n = 2146), France (n = 1676), Germany
(n=974), Italy (n = 941), Canada (n = 883), Japan (n = 781),
Spain (n = 756), the UK (n = 516), Brazil (n = 503), and
the Netherlands (n = 425) followed the USA.

CANADA
5.54% 5.03%

ALY

28.60%
5.36% 4.44%

JAPAN

SouTH... AUSTRA...
1.55%
4.30% .94%  [Tems
1.20%
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Fig. 2. The top 25 countries contributing to acute respiratory distress
syndrome (ARDS) publications between 1980 and 2020

Analysis of institutions

We also analyzed the most productive institutions
in ARDS research. Harvard University (USA) was the most
contributing institution with 244 articles, followed
by the Assistance-Publique Hopitaux de Paris (France;
n = 213), the University of California System (USA; n = 198),
the University of Toronto (Canada; n = 178), Massachusetts
General Hospital (USA; n = 176), and the Institut national
de la santé et de la recherche médicale (INSERM; France;
n = 173). The top 15 most productive institutions are listed
in Table 2.

Table 2. Top 15 institutions in acute respiratory distress syndrome (ARDS)
research

Institution oNf::itzF;s

Harvard University, USA 244
Assistance-Publique Hopitaux de Paris, France 213
University of California System, USA 198
University of Toronto, Canada 178
Massachusetts General Hospital, USA 176
Institut national de la santé et de la recherche médicale 173
(INSERM), France

University of California San Francisco, USA 146
University of Washington, USA 119
University of Pennsylvania, USA 100
St. Michael’s Hospital, Toronto, Canada 93
Pennsylvania State System of Higher Education, USA 92
University of Milan, Italy 92
University of Michigan, USA 88
Vanderbilt University, USA 86
Sorbonne University, France 85

Analysis of authors and citations

In the present study, we analyzed the total number
of ARDS publications by author. M.A. Matthay (Uni-
versity of California San Francisco, USA) ranked first
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Table 3. Top 15 most productive authors in acute respiratory distress

syndrome (ARDS) research

Author Country of p,IlJllJ)rl?ck;et;ons
Matthay MA USA 87
Thompson BT USA 79
Brochard L Canada 57
Slutsky AS Canada 57
Calfee CS USA 56
Gattinoni G Germany 52
Pesenti A [taly 52
Pelosi P [taly 50
Papazian P France 49
Schultz MJ the Netherlands 48
Christiani DC USA 43
Ware LB USA 41
Hudson LD USA 39
Chiumello D [taly 36
Gong MN USA 35
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with 87 publications, followed by B.T. Thompson (Mas-
sachusetts General Hospital, USA) with 79 publications,
L. Brochard (St. Michael’s Hospital, Toronto, Canada)
with 57 publications, A.S. Slutsky (St. Michael’s Hospital,
Toronto, Canada) with 57 publications, and C.S. Calfee
(University of California San Francisco, USA) with 56 pub-
lications. The top 15 most productive authors in ARDS
research are shown in Table 3.

All publications on ARDS were cited 166,815 times al-
together (139,359 times without self-citation). The average
number of citations per article was 38.24, with an h-index
of 172. The citation visualization map by country is shown
in Fig. 3.

Analysis of publications and journals

The 10 most cited ARDS articles are shown in Table 4.
With 6412 citations, the article entitled “Ventilation with
lower tidal volumes as compared with traditional tidal

volumes for acute lung injury and the acute respiratory dis-
tress syndrome” by R.G. Brower, published in New England

Fig. 3. Citation visualization map
of the countries

hungary

russia
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Table 4. The most cited 10 articles in acute respiratory distress syndrome (ARDS) research

Publication . Number
First author Journal o
year of citations
Ventilation with lower th§l volumes as compareq with tr;dltlonal tidal 2000 Brower RG% New Eng/an'd'Jouma/ 6412
volumes for acute lung injury and the acute respiratory distress syndrome of Medicine
. ) ) o o Journal of the American
. 4
Acute respiratory distress syndrome: The Berlin definition 2012 Ranieri VM Medical Association JAMA) 3987
Pathological findings of COVID-19 associated with acute respiratory distress 2020 Xu 725 e e e 2597
syndrome
Effeq ofa prptect\ve—ventllat\on strategy on mortality in the acute 1998 Armnato MB? New Eng/an;/ljourna/ 183
respiratory distress syndrome of Medicine
B|sk chtors agsooated wlth acute respiratory dlstresg syndrome andA death 2020 Wu JAMA Internal Medicine 1901
in patients with coronavirus disease 2019 pneumonia in Wuhan, China
Epidemiology, patterns of care, and mortality for patients with acute 2016 Bellani G Journal of the American 1518
respiratory distress syndrome in intensive care units in 50 countries Medical Association JAMA)
TS . ) L New England Journal
28
Prone positioning in severe acute respiratory distress syndrome 2013 Guérin C of Medicine 1381
Higher versus !ovver pqsmve end-expiratory pressures in patients with 2004 Brower RG2 New Eng/and/ourna/ 1359
the acute respiratory distress syndrome of Medicine
) . . ) Herridge New England Journal
One-year outcomes in survivors of the acute respiratory distress syndrome 2003 MS0 of Medicine 1266
Neuromuscular blockers in early acute respiratory distress syndrome 2010 Papazian L*' New Eng/an;/ljourna/ 1238
of Medicine
AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE 107
CRITICAL CARE MEDICINE
INTENSIVE CARE MEDICINE
(%]
'_E CHEST
5 NEW ENGLAND JOURNAL OF MEDICINE
=]
" JAMA-JOURNAL OF THE AMERICAN MEDICAL ASSOCIATION
CRITICAL CARE
LANCET RESPIRATORY MEDICINE
ANESTHESIOLOGY
THORAX
0 20 40 60 80 100 120

Number of publications

Fig. 4. Top 10 journals that published the 500 most cited acute respiratory distress syndrome (ARDS) articles

Journal of Medicine (impact factor (IF): 91.25) ranked first.
It was followed by the article titled “Acute respiratory dis-
tress syndrome: The Berlin definition” by V.M. Ranieri,
published in Journal of American Medical Association
(JAMA; IF: 56.3; 3987 citations) and “Pathological find-
ings of COVID-19 associated with acute respiratory dis-
tress syndrome” by Z. Xu, published in Lancet Respiratory
Medicine (IF: 30.7; 2597 citations). Six of the top 10 most
cited articles were published in New England Journal
of Medicine, while 2 articles were published in JAMA. Af-
ter the analysis of the top 500 most cited ARDS articles,
we found that American Journal of Respiratory and Criti-
cal Care Medicine (IF: 21.41) ranked first with 107 articles

published. Critical Care Medicine (IF: 7.60), Intensive Care
Medicine (IF: 17.44) and Chest (IF: 9.41) were in the 2",
34 and 4" place with 81, 56 and 53 articles, respectively,
followed by New England Journal of Medicine (n = 23)
and JAMA (n = 23). The top 10 journals that published
the 500 most highly cited articles are listed in Fig. 4.

Discussion

Although bibliometric analyses have been recently used
in almost all medical fields, there were almost no inves-
tigations on ARDS papers. We believe that our study will
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contribute to summarizing and better understanding
the literature on the subject. To the best of our knowl-
edge, our study is the 3™ to investigate ARDS articles.!*?°
Nevertheless, the present study analyzed articles published
in the last 40 years, the most extended period used for
a bibliometric analysis of ARDS articles.

In the 1980s, the period immediately after ARDS was
first described, we did not observe a significant increase
in the number of ARDS studies. After the mid-1990s,
the number of ARDS articles increased each year. In 1994,
the American-European Consensus Conference on ARDS
published a consensus report to bring clarity and uni-
formity to the ARDS definition and attract attention
to mechanisms of the disease.? In this report, the need
for studies on ARDS was strongly emphasized, and a large
part of the report was devoted to recommendations for
future studies. Therefore, the effect of this consensus re-
port on increasing the number of ARDS studies cannot
be ignored. A 2" increase in the number of ARDS studies
came after 2012 when the Berlin definition of ARDS was
released.? Finally, in 2019 and 2020, the number of publica-
tions related to ARDS in coronavirus disease 2019 (CO-
VID-19) increased, likely due to the fact that COVID-19
leads to ARDS in 16—31% of hospitalized patients.?

The main result of our study is that the USA is the most
productive country in ARDS research, and 8 out
of the 15 most cited authors were from the USA. Simi-
larly, a previous study by Wang et al.,>! which evaluated
the publication trends of 7890 studies on ARDS between
2009 and 2019, revealed that the USA was the most con-
tributing country with 2612 articles published (15.0%).
In the current study, China was the 2" largest contributor
with 2146 ARDS articles. Wang et al.*! also reported China
as the 2" most productive country between 2009 and 2019;
however, since 2016, China has exhibited a rapid increase
in the number of ARDS articles and has surpassed the USA
in the number of articles per year. On the other hand,
China could not reach the citation frequency or the h-index
of the USA. This suggests that China conducts relatively
fewer randomized clinical trials and more observational
studies. Two previous bibliometric analyses of ARDS arti-
cles reported Germany as the 3' most productive country,
whereas in our research France ranked 3'.222 This may
be due to more extended period of analysis in our study.

Two of the 10 most cited articles focus on COVID-19-as-
sociated ARDS. These articles were published in 2020 and
have received a large number of citations in just 2 years.
Pathophysiologically, ARDS is characterized by acute and
diffuse inflammatory damage to the alveolar—capillary
barrier, leading to an increased vascular permeability, de-
creased compliance, and hypoxemia due to impaired gas
exchange.?>?* Since COVID-19 has emerged, the central
question of intensivists was whether COVID-19-related
ARDS is a typical ARDS.*33* Numerous studies have ex-
amined the different pathophysiological features, charac-
teristics and outcomes of patients with COVID-19-related

F. Yildirim et al. Bibliometric analysis of ARDS studies

ARDS and non-COVID-19-related ARDS. Gattinoni et al.
described 2 different COVID-19-related ARDS patterns
at the beginning of the disease course.3>3¢ The 1%, termed
Type L, is characterized by low elastance, low lung recruit-
ability, low ventilation-to-perfusion ratio, and low lung
weight. The 2", known as Type H, has a high elastance,
high lung recruitability, high right-to-left shunt, and high
lung weight. Gattinoni et al. suggested different ventila-
tory management strategies for these 2 types of cases.?®
Although there is not enough evidence to support the ex-
istence of these 2 types of COVID-19-related ARDS and
the effectiveness of the different ventilatory management
strategies, this hypothesis may direct researchers to per-
form more epidemiological and physiological investiga-
tions on COVID-19-related ARDS.

Eight of the 10 most cited ARDS articles were published
in New England Journal of Medicine (n = 6) and JAMA
(n =2). In contrast, 107, 81, 56, and 52 of the top 500 most
cited articles were published in American Journal of Respi-
ratory and Critical Care Medicine, Critical Care Medicine,
Intensive Care Medicine, and Chest, respectively. These
findings suggest that journals with the highest IFs and
those categorized as “general medicine” have published
fewer but more influential articles than others classified
as “critical care medicine” or “intensive care medicine.”
Since ARDS is still a syndrome with a high mortality
in critically ill patients in ICUs, it is not surprising that
ARDS articles are published in these journals.

Limitations

The present study produced a comprehensive, illustra-
tive analysis of ARDS articles published in SCI and ESCI
journals over the past 40 years. However, due to the nature
of the bibliometric research, it has some limitations. First,
the WoSCC database is constantly updated, meaning that
our results will need to be validated over time. Second,
as we excluded non-English articles, we may have ignored
some influential and important non-English-language
studies.

Conclusions

This study provides insight into the publications
on ARDS. The number of publications has increased over
the last 40 years, especially after the Berlin definition
of ARDS was first formulated in 2012. The USA is the lead-
ing country contributing to the literature in terms of pub-
lication numbers, and most of the top-cited researchers are
from the USA. M.A. Matthay, B.T. Thompson, R.L. Bro-
chard, A.S. Slutsky, and C.S. Calfee are the most contribut-
ing authors in the ARDS field. This study can be helpful
to future studies on ARDS. Although this study reported
the numbers, countries, authors, and citations of ARDS-
related studies (epidemiology, pathogenesis, pre-clinical,
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clinical and treatment), it did not cover the content of these
studies. More detailed bibliometric studies are needed
to determine which areas (genetic, phenotype, microbiota,
etc.) of ARDS research require more thorough exploration.
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